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1.0 INTRODUCTION

Program SOM-TA (Seat/Occupant Model - Transport Aircraft) combines a lumped
parameter model of aircraft passengers with a finite element model of the seat

C., structure. Its intent is to aid in the evaluation of the performance of air-
craft seat and restraint systems in crash environments. Because the program
has been written for use primarily by engineers concerned with the design and
analysis of seats and restraint systems, an effort has been made to minimize
the input required to describe the occupants. The program allows simulation
of one, two, or three passengers, of the same or different sizes. Character-
istics of two standard occupants, one dummy and one human, are included within
the program, and an option is provided to simulate other occupants by provid-
ing additional input data. The structural model includes beam elements and
has a maximum capacity of approximately 450 degrees of freedom, as determined
by array dimensions within the program. The beam elements can acconmodate
large plastic deformations and include the capability for cross-section reduc-
tion due to local instabilities. As an option to reduce both modeling com-
plexity and execution costs for cases where only the restraint system or cock-
pit configuration is of concern, or for cases where the details of the seat
design may not yet be known, d rigid seat model, in which seat pan and back
planes defined by input are maintained in fixed positions in the aircraft, is
available.

The following sections of this report present instructions necessary for the
use of Program SOM-TA and information to enable the user to operate the pro-
gram most efficiently.

Sections 2.0 and 3.0 describe program input and output, respectively, including
options available to the user. Section 4.0 outlines an efficient procedure
for development of a mathematical model. Section 5.0 then provides detailed
descriptions of the sample input case. Appendix A defines all input variables,
line by line. Appendix B provides examples of material properties and occupant
characteristics required as input data. Appendix C displays the complete set
of output data for the input listed in Section 5.0 and Appendix A. Appendix D
describes program organization and the functions of all subroutines.

% k1



2.0 PROGRAM INPUT DATA

Input data are read by Program SOM-TA in the following six blocks:

1. Simulation and output control information.

2. Cushion properties.

3. Restraint system description.

4. Crash conditions.

5. Occupant description.

6. Seat design information.

All input data, except those pertaining to the seat (Block 6), are read by sub-
routine INPT; the seat data are read by subroutines SEATIN and READIN.

I,

The coordinate system that is fixed to the aircraft at the floor has the fol-
lowing positive directions:

X - Forward
Y - Left
Z- Upward

The basic input data deck consists of a minimum of 44 lines of data for execu-
tion of Program SON-TA with three passengers. These are described in detail
in Appendix A. The basic case makes use of a rigid seat model, specified by
NSEAT = U on line 1. Modeling an actual seat with the finite element analysis
would change lines 43 and 44, and require a number of additional lines. Re-
questing the storage of plot data on external files, unit 14 for the occupant
and unit 20 for the seat, by setting NOPLOT > 0 or NSPLOT > 0 on line 3, re-
quires additional lines following line 3. Modeling nonstandard occupant(s)
requires an additional 12 data lines for each occupant, after line 41.

The following sections of this chapter present descriptions of each of the six
input data blocks, including more detailed definitions of the above options.
Line-by-line descriptions of input data are presented in Appendix A.

2.1 SIMULATION AND OUTPUT CONTROL INFORMATION

2.1.1 Systems of Units. The NUNIT parameter on line 2 permits the user to
specify either the SI or English system of units for both input and output data.
English units are presented throughout the input instructions in this report
and are used in the sample input cases. In the SI system of units, all lengths
are specified in meters, masses in kiiograms, and forces or weights in newtons.

2.1.2 Seat Options. The NSEAT parameter on line 2 allows the user to select
either a rigid seat model or a finite element seat model. The rigid seat model
consists of two planes that represent the seat pan and seat back. The positions
of these planes are specified by the X and Z coordinates of their intersection
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(a lateral line) and two angles which specify their positions relative to hori-
zontal and vertical planes, respectively. The length of the seat pan and the
height of the seat back are used to determine the limits of the surfaces within
which the seat pan and back can apply forces to the occupant. Cushions, of
input-specified thicknesses, are included on top of the seat pan and seat back
surfaces.

The type of seat (single-, double-, or triple-occupant) is specified on line 2,
along with identification of the positions that are occupied. Seat row pitch,
used in plotting, is also specified in line 2.

2.1.3 Occupant Degrees of Freedom. The NDIM parameter on line 2 permits selec-
tion of either two- (NDIM = 2or F-three-dimensional (NDIM4 = 3) occupant response.
The three-dimensional occupant model consists of 12 rigid segments, illustrated
in figure 1, with rotational springs and dampers at the joints. Each of the
torso joints possesses three rotational degrees of freedom, or, in other words,
is a ball-and-socket type joint. Because of the hinge-type motion at elbow.
and knee joints, the position of a forearm or lower leg relative to an upper
arm or thigh, respectively, is described by one additional angular coordinate.
In total, this occupant model possesses 29 degrees of freedom. '

The two-dimensional occupant model, specified by NDIM = 2 on line 2, consists
of 11 segments, as shown in figure 2. Beam elemnents in the torso and neck are
capable of flexural and axial deformation. Although restricted to two-dimensional
response, this occupant option does permit more direct evaluation of accident
severity by output of forces and moments in the spine and neck. Restraint sys-
ten forces on the ellipsoidal contact surfaces are computed three-dimensionally,
but only the X- and Z-components are used. Therefore, the two-dimensional model
should be reserved for cases in which both the impact conditions and the restraint
system are symmetrical.

"4,

2.1.4 Output Control Data. Ten blocks of program output can be selected on
line 3. T ae data i-ncludetime histories of the following variables, which are
stored during solution at predetermined print intervals:

1. Occupant segment positions (X. Y, Z, pitch and roll).*

2. Occupant segment velocities (X, Y, and Z).

3. Occupant segment accelerations (x, y, z, and resultants).*

4. Restraint system loads.

5. Cushion loads.

6. Aircraft displacement, velocity, and acceleration.

7. Injury criteria, including spinal forces and moments.

z' 8. Details of contact between the occupants and the seat in front of •

.. pperase7 --crefes to inertial or aircraft-fixed coordinate system; lower
case x, y, z refer to segment-fixed coordinates.

"3
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Figure 1. Twelve-segment (three-dimensional) occupant model.

9. Seat structure nodal forces.

10. Seat structure element stresses.

Printer plots are provided for occupant segment accelerations, restraint system
loads, and cushion loads. The option of two different filters is also provided
for the occupant segmaient accelerations and cushion loads. The particular occu-
pant for which output data are displayed is specitied in line 2.

If plots are requested for the occupant and/or seat on line 3, then additional
lines mnust be included to specify plot times (up to eight) and viewing angles.
As explained in the line-by-line input data descriptions, if plots are requested,
the jot control ldraguage must define external files 14 and 20 to be saved.

4
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Figure 2. Eleven-segment (two-dimensional) occupant model. A•..

Program output data are described further in Chapter 3.

2.1.5 Solution Control Data. The occupant model utilizes an Adans-tloulton

predictor-corrector solution procedure with a variable time step. Data on line 4,

control the step size and error bounds for the solution.

At every solution step, the system central processor time is checked and compared

with the TMAX parameter on line 4. Allowing time for output, the solution will I.

be terminated once system time reaches ITIAX, whether or not the final solution

time, TF, has been reached. Therefore, the permitted execution time in the

job control language should be at least IMAX seconds, in order to ensure that
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the solution is terminated in time to pemit printing of the output already .
computed and stored.

2.2 SECONDARY IMPACT OPTION

If secondary impact InforirAtion is desired, it can be specified by input of
IOUT(4) on line 3.

2.3 CUSHIUN PROPERTIES

Seat cushion forces applied to the occupant model are calculated from cushion
deflections based on an exponential relationship:

'.

F C(eB - i(I ..'•"

Lines 5 and 6, and 7A if a headrest is included on the seat, require input of(
the C and B coefficients for this equation, along with damping coefficients
and thicknesses. The force-deflection relationship for the seat cushion also
includes compliance of the occupant buttock., Therefore, the relationship for
an occupant sitting directly on A hard seat pan would be the force-deflection
curve for the occupant buttocks. Several sample force-deflection curves with
their appropriate coefficients are provided in Appendix B.

2.4 RESTRAINT SYSTEM DESCRIPTION

Several restraint system configurations are available in SOM-TA: lap belt only,
lap with diagonal shoulder belt over either shoulder, and double shoulder belt.
As specified on line 7, both the lap belt and shoulder harness can be attached
to either the airframe or the seat.

The force-deflection characteristics of the restraint system webbing are provided
by input of tables of forces and strains. Properties of representative webbing
samples are included in Appendix r.

For a seat with a shoulder harness in which an inertia reel is mounted on the .';

seat back and a length of inertia reel strap is passed along the seat back to
a slot above the occupant shoulders, the XTRAL parameter on lines lIB, 1IC,
and 11D defines the length of the shoulder strap behind the seat back.

2.5 CRASH CONDITIONS

Six components of the acceleration of the aircraft coordinate system are provided
on lines 12 through 35: X, Y, Z, yaw, pitch, and rol,. All of these lines
must be included, even if blank. For each acceleration component, two lines
are included to allow up to 16 points on an acceleration-time history, and the
subsequent two lines provide the corresponding points in time. Acceleration
components are directed in the aircraft-fixed coordinate system.

2.6 OCCUPANT DESCRIPTION

The IMAN parameter on line 38 identifies the type of occupant being simulated.
Initial positions for the three passengers are specified by data on lines 39

6



through 41. Data for the standard occupants, a 50th-percentile U.S. male and
a 50th-percentile (Part 572) anthropomorphic dummy, are included within the
program. For nonstandard occupants, additional data may be provided (for each
occupant) following line 41 to define segment lengths, center of mass locations,
weights, moments of inertia, contact surface radii, properties for the spine
and neck, and compliances for the chest and abdomen under restraint system load-
ing. Examples of these data are included in Appendix 1.

The angular orientations of the torso, head, and arm segments are provided as
input on lines 39 through 41, along with the X-coordinate of the heels. Sta-
tic equilibrium is then used to seat the occupant in the cushions.

2.7 SEAT DESIGN INFORMATION

2.7.1 Rigid Seat Option. For cases where the details of seat response are
not important or not worth the greater execution costs that would be incurred
by the use of the finite element structural model, a rigid seat option is pro-
vided. Plane surfaces representing the seat pan and seat back support the cush-
ions and remain fixed in the aircraft coordinate system, except where the energy..
absorbing option is used.

2.7.2 Simplified Energy-Absorbing Seat Option. If the SEATM parameter on
line 43 is greater than 0, a simplified, two-degree-of-freedom seat model is
used. Intended for use in simulation of a guided energy-absorbing seat, this
model permits the stroking of a rigid seat bucket in a prescribed direction.
Because elastic bending of the supporting frame has been observed in testing
of such seats and may influence occupant response, the second degree of freedom
is added to simulate rotational elasticity of the frame.

Although the finite element analysis can provide a complete evaluation of a
seat's crashworthy performance, the simple stroking seat model can prove useful
in other aspects of seat design. For example, the two-degree-of-freedom model
can aid in economically estimating the optimum energy absorber limit load for
protection of occupants of various size, as well as in evaluating alternative
restraint system configurations.

Input data for this seat model include the weight of the movable part of the
seat, the direction along which it will stroke, the movement of inertia with
respect to a lateral axis, force-deflection characteristics, and unloading
slopes.

2.7.3 Finite Element Structural Analysis. The finite element seat model con-
tained in Program SOM-TA uses beam elements. The beam elements can accommo-
date large, plastic deformations and localized buckling of elements with hollow
cross sections. The program has a capdcity for 150 nodes and 450 degrees of
freedom. However, a more severe restriction *is placed on the size, N, of the
master stiffness matrix, given by:

N MEQ + MUD* (2 * MEQ - MUD - 1)/2 (2)

7
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whure MUD is the length of the maximum upper diagonal of the banded stiffness
Ma tri x give by. P1

MUD 6* ( + 1)- i (3)

MFEQ equals the total number of degrees of freedom and J equals the maximum dif-
ference between node numbers across elements in the model, as illustrated in
section 4.0.

As determined by array dimensions in Progrin, SOM-TA, the quantity N is limitedto 23,750. •

The finite el,?ment seat model in SOM-TA uses an unconditionally stable solution
(1qorith h. However, stability does not necessarily imply convergence to the
c.r:f-oct ot,lulln, and solution accuracy wil 1 depend on the size of the time
step, d sini ier Lite step yielding more accurate results. Because the seat
step size is governed by that for the occupant model, reducing DMAX and DMIN
on liie 4 will produce a more accurate solution. However, little improvement
can be expected in reducing the seat step size below that normally required
fur' stability in the occupant solution,

Material properties, including a three-slope approximation to the stress-strain
curw.ve, re provided on lines 45-47, which must be repeated for each material
used. (The number of materials is specified as NLUMAT on line 43.) To assist
in input of lkiterial properties, summaries of input data for metals typically
used in seat fraines are presented in Appendix B.

beam rouss sections can be either open or closed, but a plastic problem requires
J cloU.cd cross section to generate all the terms required by the tangent stiff-
nr;, ,,trix. If plastic deformation of an open "I" is anticipated, the cross
zLA)W' ý,,i bu modeled as a closed "box" beam, which is equivalent for one bend-
ing uirc(.Ai1,n provided that the erroneous properties for other bending direc-
tiions , ldii be tolerated.

4!:, JTn I ,S parnwiiter on line 43 speci fies the number of nodes that are attached %
to ',hc e ircraft structure. Then, floor attachment conditions are specified on
line 55, ue of whi "h must be inserted for each of the NUMDIS nodes. Element
crus',-sectionS are described by data on lines 48 and 49, which must be repeated
"oe•,.hi cr"(,s-..ect ion, the number of which is specified by NSECT on line 43.

Nodal coordinates are provided on line 50, which is repeated for each node in
Ntne model (NNUDU on line 43) and for each beam pointer node (NCOORD on line 43).
As illu~trated in Appendix A, the pointer node is required to specify the initial
orientation of the y-axis of a beam cross section. A real node can be used as
a pointer node, or (NCOORD) additiondl nodes can be added solely to serve as
pointer•.

%'
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3. 0 PROGRAM OUTPUT DATA

Program SOM-TA output data are available from the following four sources:

1. Printer (unit 6)

2. Occupant position plots (unit 14)

3. Seat structure plots (unit 20)

4. Plots of other data (unit 26)

which are described further in the following sections.

3.1 PRINTED OUTPUT

Printed data can be selected from the ten blocks listed in section 2.1.4. Theinterval at which these data are printed is selected in subroutine INPT, based

on the total solution time. The interval is sized to provide a maximum of 51
lines for each variable. For example, a solution time between 0.100 and
0.150 sec results in a print interval of 0.003 sec, a solution time between
0.25U and 0.300 sec, an interval of 0.006 sec, etc.

Accelerations, severity indices, vertebral forces and moments, and restraint

systema forces are printed in tabular and graphical formats. Other data are
provided in tabular form only. Acceleration output data are computed each
0.001 sec, equivalent to a 1 KHz sampling rate. Input line 3 provides the op-
tion of applying Class 180 (30U Hz) or Class 60 (100 Hz) filter to the data

4.. prior to their printing.

3.2 OCCUPANT POSITION PLOTS

If specified in input line 3, data for up to eight plots of occupant position,
can be stored on external file 14. The times for these plots are defined on
input line 3A. Viewing angles, illustrated in figure 3, are defined on line

rB. The right-side view of figure 4 was obtained using an angle of zero de-grees

grees. The front view of figure 5 was obtained using an angle of 9z degrees.

The IOUT(4) parameter on line 3 can be used to draw the image of the seat in
front of that being modeled. A value of 0 causes no seat to be drawn. A value
of 1 or 2 respectively, produces a plot of the forward seat in its undeformed
or deformed position and uses subroutine IMPACT for prediction of contact with
the forward seat. The seat image is spaced according to the SPITCH parameter.

The job control language used in executing SOM-TA must define external file 14
as a permanent file to be saved. The occupant plotting program can then be
"executed using this same permanent file as input.

3.3 SEAT STRUCTURE PLOTS
Just as described in section 3.2 for occupant position, data for up to eight a
plots of the seat structure can be requested on line 3. As shown in figure 6,

4..
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S
Y (left)

10

Viewing angle = a

Position

Figure 3. Definition of plot viewing angle.

nodes are indicated and numbered. The viewer position for the seat structure
is defined by both elevation and azimuth angles, 0 and ct, respectively, as
shown in figure 7. The view of figure 6 was obtained with 6 = 20 degrees and

45 degrees.

The job control language must save external file 20 as input to the seat plot-

Ling program.

3.4 ADDITIONAL DATA FOR PLOTTING

* Although the printer plots of accelerations and forces are probably satisfac- 
'.,s

"tory output for wost purposes, there may be cases where plots with a higher
level of resolution are desired. Also, pen-drawn plots may be required for
use in reports. To %,;eet these needs, 32 variables are written on external ,V]
file 26 at input-selected intervals. The input parameter DTPLT on line 3
specifies this interval in seconds, and is assumed to be O.UO1 sec if DTPLT
is left blank, The data are written in eitner FIO.3 or FIO.5 format and are I.T
arranged as illustrated in figure 8.

I.
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PROGRAM SOM-TA

TRANSPORT AIRCRAFT SEAT

TIME = 0.0000 SEC.

U

,..-

LZIN

Figure 4. Sample case occupant plot (side view) at time 0 sec. ,.
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PROGRAM SOM-TA

TRANSPORT AIRCRAFT SEAT

TIME = 0.0000 SEC.

S[4.

J'

I I,
/ 1,7 -1\ IT - -\, I_\ 1_ I v I \ ýl 1/ 1

'.1'

Figure 5. Sample case occupant plot (front view) at time = 0 sec.
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PROGRAM SOM-TA

TRANSPORT AIRCRAFT SEAT

TIME 0.0000 SEC.

i?0

/ "J

Figure 6. Sample case seat plot at time 0 sec.
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• ~Viewing position

-/-- -. . ->•Lbj

/ I/ I

I -I

Y/ C-

/ Center of the imaginaryI / workbox which encloses •
the model

X

0 = Azimuth angle in X-Y plane in degrees (-1800 < 0 < +1800)

= Elevation angle in degrees (-900 < +900)

4..

Figure 7. Angular coordinates for viewing seat plots.
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4.0 INSTRUCTIONS FOR INPUT DATA PREPARATION

This chapter is intended to guide users of Program SOM-TA through an efficient
process of preparing input data. The recommended procedure is summarized in
table 1. It is suggested that, if time permits, the sample case described in
detail in chapter 5 be run initially in order to be certain that the program
runs properly on a particular computer system. Storage of plot data on permanent
files and subsequent access of these files using the related occupant and seat
plot programs should be attempted first with the sample case to assure that
the plotting programs are compatible with the computer system and that the Job
control language is structured properly.

TABLE 1. SUMMARY OF INPUT DATA

L. On sketch of seat, locate aircraft fl, .nd coordinate system.

2. Locate restraint system anchor points.c a p t hd n r

3. Locate footrest and/or heel position (at Z = 0).
4. Estimate initial position angles for occupant upper torso, head, and arms. .,.

5. Prepare input data for and run rigid seat case for short time.

6. Plot occupant initial position and check whether it appears reasonable.

7. Add seat structure input.

8. Run short case with complete input data.
9. Check plot of seat structure at initial time. .

10. Run complete case.

The essential starting point for any simulation case is a sketch of the seat
of interest, on which the aircraft floor and aircraft coordinate axes can be
located. On this sketch the restraint system anchor points, which can be fixed
to either the seat or the aircraft structure, can be located, as can the position
of a footrest or pedal, if applicable. The required seat design data for a
rigid seat case, i.e., the locations and aimensions of the seat pan and back,can then be determined. Both the seat cushion and back cushion are assumed to
be plane surfaces parallel to the seat pan and back surfaces. Using an average
cushion thickness in the area of contact between the occupant and the seat,
the cushion surfaces can now be added to the sketch.

-,w

Initial angular positions of the torso, head, and ann segments are required.
The torso segments can be assumed parallel to, or one or two degrees forward
of, the seat back. The position of the head, in a normal seated position, would
range from vertical to several degrees forward of vertical, as illustrated in
the section 5.0 sample case.
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In order to be certain that the occupant initial position is reasonable for U
the configuration being studied, it is wise to run a short rigid seat case prior
to adding the seat structure input. Starting with a small value of final time,
TV, on line 4, such as 0.010 sec,'the initial position and accelerations of
the occupant segments and the external forces can be checked prior to initi-
ating a more expensive case. The plot data saved on unit 14 by SUM-TA can then
be input to the occupant plot program and the initial position of all the occu-
pant segments reviewed. If the occupant's initial position, as calculated by
suoroutine INITIL, is geometrically impossible, the program will be stopped
and informative messages printed. An example of this type of error, commonly
encountered in initially running a case, is in attempting to locate the heel
position beyond the reach of the legs. If the input parameters yield a geome-
trically feasible initial position and NOPLOT > 0 on line 3 and TPLOT = 0 on
line 3A, then data for a plot of the initial position will be stored.

Once the desired initial position has been achieved for the occupant, the input _

data for the finite element seat structure model can be added. The NSEAT par-
ameter on line 2 should then be changed from 0 to 1 to signify modeling a non-
rigid seat. Once again, prior to running a complete simulation, a case with a
small TF should be run in order to check the seat structure plot at the initial
time.

When it has been determined that both the occupant initial position and the
seat structure configuration are as desired, a complete simulation case can be
run. The user should take care that the TMAX parameter in decimal seconds on
line 4 corresponds to the time allotted for the run in the job control language
(which may be an octal number). Within the program, an allowance is made for
printing of the stored output data. Should the run be terminated at TMAX prior
to the solution reaching completion at TF, the output data already generated
will be printed, including the final generalized coordinates, which can be used
in restarting the solution.

dl
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5.0 SAMPLE SIMULATION CASE

This section contains the description of input data for a sample simulation
case. A simple airline seat model with three occupants was used to illustrate
the capabilities of Program SOM-TA, including the preparation of input data
and output data available from the program.

A complete line-by-line input data listing is discussed in Section 5.1. Output
data are then discussed, and examples of plots presented, in Section 5.2. The
contents of Appendix A show explicit input requirements for this case.

5.1 SAMPLE CASE INPUT DATA (DETAILED LISTING IN APPENDIX A) ... ,

Line 1: Descriptive title.

Line 2: NUNIT = I for English units; NSEAT = I for finite element seat;
NDIM 2 for two-dimensional simulation; NOCC O 3 for three occu-
pants to be simulated; ITYPE = 3 for a three-occupant seat type;
ISEAT (1) 1 1, ISEAT (2) = I and ISEAT (3) = I to specify that
all seat positions are occupied; IPASS = 2 to specify that the
output data will be stored and printed for the center occupant.

Line 3: IOUT(1) = 1 and IOUT(2) =I request segment position and velocity
data; IOUT(3) = 2 requests occupant segment acceleration, fil-
tered with class 180 digital filter; IOUT(4) = 0 calls for no
secondary impact simulation; IOUT(5) = 1 requests restraint system
forces; IOUT(6) = 1 requests spinal loads and injury criteria;
IOUT(7) = 1 requests seat external forces filtered with a class
60 digital filter; IOUT(8) = 1, IOUT(9) 1 1, and IOUT(1O) - I
request seat structure deflection, support reactions, and beam
loads and stresses, respectively; NOPLOT = 8 for eight occupant-
position plots; NSPLOT = 8 for eight seat plots; DTPLT = 0.0005
determines the interval at which the data described in Section
3.4 are written in unit 26; TSEAT = 0.025 indicates the output
data print interval for the seat.

Line 3A: Occupant plot data to be stored at t = 0, 0.025, 0.050, 0.075,
U.iOU, 0.125, 0.150, and 0.175 sec.

Line 3B: Occupant plot data to be stored with viewing angle of 0 degrees
for all plots, i.e., right-side view.

Line 3C: Seat structure plot data to be stored for all plots with +20-
degrees elevation angle.

I
Line 3D: Seat structure plot data to be stored for all plots with +45-

degrees azimuth angle, i.e., viewed from left-front quarter.

Line 3E: Nodal output data requested for nodes 1 through 20. (See fig-
ure 9 for node designations)

18
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It2s...,.22 Nod numb nmber

Fi gure 9. Sampl e case ai rl ine seat f ini te el ement model.
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Line 3F: beam loads and stress output data requested for elements 1 through
27 (See Figure 9 for beam element designations).

Line 4: TMAX = 300 to allow up to 300 sec central processor time; DMAX
and DIMIN set to 0.0005 sec for fixed-time step integration; in-
tegration error bonds, EUR, and ELR, set at 10 and 0.1 percent,
respectively; TI n0 and TF = 0.176 sec; initial time step size,
OTI, is same as fixed stop size (If DMAX is not the same as DMIN,
TI should be set equal to DMIN).

deflection relationship of the form F = 760 (e " - 1), as

shown in Figure 10; damping coefficient of 2.40 at zero load.
A cushion thickness of 1.5 in. was used.

Line 6: Seat back cushion properties with same load-deflection curve as

oottom cushion.

Line 7: IRSYS = 0 for lap-belt-only restraint system configuration;ILPBELT = I for lap belt attached to the seat; IHRST - 1 for .
headrest.

Line 7A: Headrest cushion properties with same load-deflection curve as
seat back and seat bottom cushions.

Line 8: Forces and strains for 2.0-in. nylon webbing; zero damping; nos l a c k .'• ,•

Line 9: Lap belt anchor point coordinates for passenger No. 1. I

Line 10: Lap belt anchor point coordinates for passenger No. 2. -

Line 11: Lap uelt anchor point coordinates for passenger No. 3.

Lines 12-35: The aircraft acceleration pulse is approximated by a series of
straight lines through five points. Note that the accelerations
in the coordinate directions are required so that ti=elera-
tion pulse of Figure 11 results in negative X values. Because
there are no Y- or Z-accelerations, lines 16-23 are blank; the
absence of vehicle rotations requires lines 24-35 to be blank.

Line 36: Initial velocity = 30 ft/sec in the X-direction.

Line 37: Initial position of "aircraft" in inertial coordinate system is

assumed to be (0., 0., 0).

Line 38: ITAN 1 1 requests standard 50th-percentile (Part 672) dummy;
seat cushion and floor friction coefficients are 0.18 and 0.25,
respectively.7 e- e

Line 39: Initial position for passenger No. 1. (AM(1,I) and GAM(2,1) =
-16 degrees; AM(3,1) 7 degrees; GAM(4,1) = -16 degrees for
upper artis; GA11(5,1) = 60 degrees at elbow; heels at 32 in.
(these coordinates are illustrated in Figure A-6); YPASS(1)
..2U in. for y-coordinate of mid-plane for passenqer No. 1.
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U 4ý4

1000

F =760 (e- 1)
(ap-proximation for

L dummy and cushion)

0
0 1 2 3 4

Deflection, • - in.

Figure 10. Exponential approximation of force-deflectioon characteristics

for dummy and 1.5-in.-thick cushion.

Line 40: Initial position for p,.issfenler 2. Same as line 39 except YPASS(2)
0 in.

Line 41: Initial position for passenger 3. Sar:me as line 39 except YPASS(3)
_20 in.

Line 42: Coordinate systei~i was Iocate(l under the rear edge of t' e seat
pan, so that XSEAT = 10 in.; the height of the seat pan is 12 in.;
seat pan and back angles arv 0 and 16 degrees, respectively,
Seat pan length and widtn are 15.15 in. and 20 in. respectively.
The hweight of the seat sack is 39 in. The seat back is the same
width as the seat pan. (These coordinates are illustrated in
figure A-9).
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0 0.05 0.1 0.15 0.2

Time - Sec

Figure 11. Approximiation to sled acceleration.

Line 43: The finite ele'ient seat model is illustrated in figure 9. NNODE
= 20 (real nodes); NELE = 27; NUMMAT = 2 for two materials; WUMDIS
= 4 (restrained nodeis on the floor); NCOORD = 2 (beam pointer
nodes, numbered 21 and 22); and NSECT = 2 for two beam element
cross sections. The buckling coefficient has the standard value
0.5.

Line 44: KNTRL(1) = 5 indicates that up to 5 iterations will be used at
each time step. KIJTRL(2) = 5 indicates that 5 load increments
will ae used to enforce the floor warping.

Line 45-47: These are two groups of waterial properties corresponding to
NURIAT = 2. Ilaterial type No. 1 is 2024-T4 aluminum; material
No. 2 is 4130 steel.

Lines 4d-49: There are two gruuops of cross-section properties (NSECT = 2),
shown in figure 12. The circular tubing cross section, defined
first, is made up of eight segments; the square cross section
is made up of four sgmnents. The orientation of the cross sec- 4

tiun is specified by the beain pointer node, which locates the
ueaw y-axis (bean, coordinate systen is illustrated in figure A-13).

Line 50: Twenty-two lines of nodal coordinate data corresponding to 20
real nodes (IONODE = 20) and 2 pointer nodes (NCOORD 2). Node
point loations and nuiibers are shown in figure 13.
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"Actual Cross-Section Model of Cross-Section

Y0

0.083 0

1.75 O.D. 0

0,0.834Type I %

z

-0.589, 0.589

0.083 -0.834,0.

1.25 Y

* 0.593,-0.593 0.593,0.593

F.Type 21 .251W
0.065 0.065 5 Z

-0.593,-0.593 -0.593,0.593
Note: All dimensions in inches.

Figure 12. Element cross-section models used for
seat structure beam elements.

Line 51: Twenty-seven lines of bean element data corresponding to NELE
= 27. Bean element connectivity and numbers are shown in fig-
ure A-13.

Line 5_2: Seat pan cushion load is distributed on nodes (5, 6, 13, 14)
for the first (right) occupant, (6, 7, 14, 15) for the second
(middle) occupant, and (7, 8, 15, 16) for the third (left) occu-
pant. The order in which the seat pan nodes are specified is
shown in figure A-14.

Line 53: Back cushion load is distributed on nudes (5, 6, 17, 18) for
the first (right) occupant, (6, 7, 1i, 19) for the second (middle)
occupant, and (7, 8, 19, 20) for the third (left) occupant.
The order in which the seat back nodes are specified is shown
in figure A-14.

Line 54: Lap belt loads are applied at nodes (9, IU) for the first (right)
occupant, (10, 11) for the second (Odddle) occupant, and (11,
12) for the third (left) occupant.
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Lines 55-55A: Five lines, which specify the constraint conditions at the
bottom of the seat-leg elements. For nodes 1, 2, 3, and 4 all
forces and only moments in Z-direction can be supported. In
addition, for node 2 the node is moved down in Z-direction by
0.5 in., corresponding to user-specified (pitch) floor warping
condi tion.

A complete listing of the input data for the sample case is presented in fig-

5.2 SAMPLE CASE OUTPUT DATA

A listing of the output data for the sample case described in 5.1 is presented
in Appendix C. Examples of plots generated by this case are presented as fig-
ures 14, 15, and 16.
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1 1 2 3 3 1 1 1 2
1 1 2 0 1 1 2 1 1 1 8 8,00050,025

0. *025 ,0)50 .075 .100 .125 150 .175
0. 0, 01 0 04 01 0', O0

20, 20t 20. 20, 20, 20, 20, 20,
45, 45, 45, 45, 45, 45, 45, 45,

1 20
1 27

300. .0005 ,0005 0.1 0.001 00 .176 .0005
760, 0.50 2,40 1.5
760# 0,50 2.40 1,5

0 1 0 1
760, 0150 2.40 3,0
550. 1300, 250, 0,0403 0,1048 0.1613 O, 0,
12M -30.0 15,0 12,5 -10,0 15O
120 -10,0 15-0 025 0,0 1560
12.M 10,0 15.0 12.5 30,0 15.0

01 "660 -6,0 0,0 010

0. ,010 ,15s ,165 .175

30. 0. 0.

Fiur 13. Litn0fiptdtafrsmlae

I ,18 0225i•-16, -16, 3, -16, 60. 32. -20.
L ,-16, -164 ? -16, 60. 32, 01

-16. -16, 7, -16, 60, 32o 20,
10, 12, 91 16. 15.15 1101 39, 20.

•• Figure 13. Listing of input data for sample case.
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20 27 2 4 6 2 2 0.5
1,2024-T4 AL

,2588E-4 10,5E6 44000, 4,9E5 ,1 62000. .3
580004 6,2E4

24130 STEEL
7#324E-04 29,0E6 163000. 6,0E6 11 180000, .3

174000- 8.1E4
8 0 ,4347 ,3028 ,1514 .1514

0.0 000 0,01
0.0 .834 ,083

-0.59 .59 1 083
"-0,834 010 ,083

-0.59 -0,59 .083
0.0 -,834 ,083

0,59 -0,59 0083
.834 0.0 ,083
.590 .59 .083

4 0 .3081 .1082 .0723 .0723
0.0 0.0 010 0,0

-,593 .593 .065
"-.593 -"593 .065

.593 -. 593 .065
,593 ,593 ,065

1 8. -10, 0,
2 25# -10. 06
3 8. 16,,
4 25o 10, 0.
5 10. -30. 12, Nk-•.
6 10. -10, 12•.
7 10. 10, 12,
8 10. 30, 12,
9 12,5 -30. 12,33

10 12.5 -10, 12.33
11 12,5 10, 12,33

12 12.5 30, 12,33
13 25,0 -30, 14,108
14 25,0 -10, 14,108
15 25.0 10, 14,108
16 25.0 30, 14,108
17 2.258 -30, 39,
18 2,258 -jo, 39,
19 2.258 10, 39,
20 2,258 30, 39,
21 10. -40. 124
22 25, -40. JA4
1 1 6 2 21 " 2
2 3 7 2 21 2 "
3 2 14 2 22 2 2
4 4 15 2 22 2 2
5 2 6 2 21 2 2 %,:o 010 000 010
6 4 7 2 21 2 2 `'11 M0 000 1O.C____-
7 5 6 1 22 2 1

Figure 13 (contd). Listing of input data for sample case.
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I

8 6 7 1 22 2 1
9 7 8 1 22 2

10 13 14 1 21 2 1
11 14 15 1 21 2 1
12 t5 16 1 21 2 1 ý.
13 5 9 2 21 2 1 6

14 6 10 2 21 2 1
15 7 11 2 21 2 1

16 8 12 2 21 2 1
17 9. 13 2 21 2 1
18 10 14 2 21 2 1
19 11 15 2 21 2 1
20 12 16 2 21 2 1
21 5 17 2 21 2
22 6 18 2 21 2 I

.1 23 7 19 2 21 2 1
24 8 20 2 21 2 1
25 17 18 2 21 2 1
26 18 19 2 21 2 1
27 19 20 2 21 2 1
5 6 13 14 6 7 14 15 7 8 15 16
5 6 17 18 6 I 18 19 7 8 19 20

9 10 10 11 11 12
1111001
2112001

3111001
4111001

Figure 13 (contd). Listing of input data for sample case.
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PROGRAM SOM-T*A

TRANSPORT AIRCRAFT SEAT

TIME 0.1750 SEC.

"e.4

-- ,4 'I°

Figure 14. Sample case occupant plot (side view)
at time U.175 sec. .\?•-
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p PROGRAM SOM-TA

TRANSPORT AIRCRAFT SEAT

~ TIME 0. 1750 SEC.I
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PROGRAM SON-TA

TRANSPORT ATRCRAFT SEAT

TIME 0.1750 SEC.

417

t77

its

200

99

:.?

Figuru 16. Sample case seat plot at time U 0.175 sec.
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APPENDIX A

PROGRAM SOM-TA INPUT DATA REQUIREMENTS

In this Appendix a line-by-line description of input data required by Program
SOM-TA is presented. As described in section 2, there are a number of optional I,
lines of data, each of which is suffixed by an alphabetic character, such as
line 6A, which is used only if the seat includes a headrest.

AI1

WII

mI.'
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LINE 1: Case Identification

DESCRIPTION: Title and type of case.

FORMAT AND EXAMPLE:

0 1218 14 a78 %
1204567,90812345_67890 1 28466789 I So 11012845078 90112845.67890112845678901284 6- 78 20

NAME .. ."t

FIELD FORMAT CONTENTS

NAME 6AIO Alphanumeric title of case to be centered at top of
printed output and plots.

II
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LINE 2: Seat Type and Occupant Location

DESCRIPTION: Seat pitch, type, and locations of passengers.

FORMAT AND EXAMPLE:

012 a 4 5 6 7 8

12846678901234567890128466789 12845689012845668901234567890128456769Otii1l.2..jQJ89

NUNIT NGMAT NOWM NOO YEI000)IUT()IETa IPAed

FIELD FORMAT CONTENTS

NUNIT 15 System of units

NUNIT = 0 : SI units
NUNIT = 1 : English units.

NSEAT 15 Seat model

NSEAT 0 : Rigid seat model
NSEAT 1 : Finite eI ement seat model.

NDIM 15 Definition of occupant degrees of freedom

NDIM = 2 : Two-dimensional simulation
NDIM = 3 or 0 : Three-dimensional simulation.

NOCC i 5 Number of occupants to be modeled

ITYPE 15 Seat type in terms of occupant positions.

ITYPE = I : Single seat
ITYPE = 2 : Two-passenger seat
ITYPE = 3 : Three-passenger seat.

ISEAT 315 Locations of occupants, specifying whether a given
seat position is occupied (1) or empty (0)

ISEAT(1) : Right-most position
ISEAT(2) : Center position for three-passenger

seac,left position for two-passenger
seat

ISEAT(3) : Left position for three-passenger seat
hA'.w

A-3
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FIELD FORMAT CONTENTS

IPASS 15 Identification of occupant for which output data
(position, velocity, acceleration, belt loads, etc.)
are stored and printed.

IPASS = 1 : Right-most passenger
IPASS = 2 : Center position for three-passenger

seat or left position for two-
passenger seat

IPASS = 3 : Left position for three-passenger
seat

The example specifies a three-passenger seat which is fully occupied. Output
data are stored and printed for center passenger.II

A-4
0

!I

A-4
r



LINE 3: Output Selection

DESCRIPTION: Definition of output data to be stored for printing and number
of plots.

FORMAT AN[) EXAMPLE:

0 2 - 3 4 1

12345678901234,6789012345678901234567890112345o7890 1234 667,9023 7.8901234567890

(oU 4) 1OUrE IOUTM 0 OUT,), IOUT(9) 10U?(O TIOPLO I NGpLO° _TPLT S

.. .. . L , 1 8 8 C 00051. 251~A -1 2 1 1 21
...Jl _ L J_ J__. ._ LL ..L t ,

FIELD FORMAT C014TENTS

lOUT 1015 Vector of O's, 1's, 2's and 3's indicating which output
data are to be printed (1, 2, or 3) or not printed (0)

IOUT(1) : Occupant segment position
IOUT(2) : Occupant segment velocity
IOUT(3) : Occupant segment acceleration (1)
lOUT(4) : Secondary impact prediction (2)
lOUT(5) : Restraint system forces
IOUT(6) : Injury criteria

',• IOUT(7) : Seat external loads (cushions,
floor) (1)

IOUT(8) : Seat structure deflections (3)
IOUT(9) : Seat structure support reactions
IOUT(90): Stresses in seat structure beam

elements (4).

NOPLOT 15 Number of requested occupant position plots (up to 8).
Lines 3A and 3D must be inserted if NOPLOT 0.

NSPLOT 15 Number of requested seat position plots (up to 8).
Lines 3A, 3C, arid 3D must be inserted if NSPLOT 0.

(1) For IOUT(3) and IOUT(7), an input value of 1 results in unfiltered output.
A value of 2 or 3 results in application of a class 180 (300 Hz) or class
60 (100 Hz) filter, respectively.

(2) IOUT(4) = 0 : No secondary impact prediction and the forward seat is not
plotted.

IOUT(4) 1 I : Subroutine IMPACT is called for prediction of t,,ntact with
the seat back and occupant plots show the forward seat in
its undeformned position,

lOUT(4) = 2 : Subroutine IMPACT is called for- prediction of contact with
the seat back and occupant plots show the forwar'd seat de-
formation as the seat being miiodeled.

(3) If IOUT(8) = 1, line 3E must be included to select the nodes for seat struc-
"ture deflections.

(4) If IOUT(10) 1 , line 3F must be included to select the bem elements for
seat structure loads and stresses.

A.-5
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FIELD FORMAT CONTENTS

DTPLT F5.0 Interval at which data are written on external file 26,
as described in section 3. If left blank, 0.001 sec
is assumed.

TSEAT F5.0 Print frequency (in seconds) for data selected with
IOUT(8), IOUT(9)9 and IOUT(1O).

'A.

J.
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LINE 3A: Plut Times (only if NOPLOT >0 or NSPLOT > 0)

DESCRIPTION: Times when plots of occupant or seat position are desired. The
first NOPLOT fields are read, as defined on line 2.

Occupant and seat plot data are stored on external file numbers 14
and 20, respectively. Therefore, if plots are requested, the job
control language must define files 14 dnd/or 20 as permanent files
to be saved. These permanent files can then be used as input to
occupant and seat plotting programs.

FORMAT AND EXAMPLE:

1 2 3 4 66 7 8

1 23 4 66 789 012 3 4&66 7 8 90123466 78 9 12346678901_23466789012a.346678901234667890I23460-789O

?PLOrYl MPOM() M.070)3 TPLOT(4) I PLOTMS TPLOTMS TPLOTM? TPLOT(A)

0. 1 02 0 0.5 C 0 . 075 0111 0.2 0.12 101755! I I I1 I I1 11 I 1 1 1 1 U I I I I I I 1 t I I I Il ! I I I 1 11 111 JA_] I.L A C .III 15 1 1 1 A t101 I 1I 1_ "1 E L!L•

FIELD FORMAT CONTENTS

TPLOT 8F10.0 Plot times, seconds.

.,7I
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LINE 3B: Occupant Plot Viewing Angles (only if NOPLOT > 0)

DESCRIPTION: Angles in degrees corresponding to TPLOT times on line 3A. The
angle is measured in the horizontal plane, as illustrated in
figure A-I. An angle of 0 degrees results in a right-side view;
90 degrees, a front view; and 180 degrees, a left-side view.

FORMAT AND EXAMPLE:

0 12 3 4 5 6 7 a

1234567890 1234667890 1284667890 1234567890 1234567890 123456789012345678901234567890

ANOVIUI) ANGVU(2) ANOVU(3) ANGVU(4) ANaVU(G) ANGVU(S) ANGVU(?) ANGVI(S)

FIELD FORMAT CONTENTS

ANGVU 8F10.0 NOPLOT occupant viewing angles, degrees.

A-8
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II

Y (left)

o

x (forward)

Viewing angle =o
Viewing

Position

Figure A-I. Definition of occupant plot viewing angle.
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LINE 3C: Seat Structure Plot Viewing Elevation Angle (only if NSPLOT > 0)

DESCRIPTION: Angles in degrees corresponding to TPLOT times on line 3A. The
viewing elevation angle, ,is illustrated in figure A-2.

FORMAT AND EXAMPLE:

0 I2 3 45 6
12345678901234567890 123456789012345678901.234567890123456780012345678901234667890

PHICI) PHI(S) PHi(3) PHI(4) PHi(S) PHI(S) PHIM() PH2 I) 6 7 9

1 1 1 1 1 1 I 12 t 10 1" I I I 1 12 ,0 1.'0 1 1 1 1 1 1 12 10I. 1{q I I I 1 1 12 10 1'1c 1 1 1 1 1 12jq 1q I 1 _ U " 21q 1.10, I I iI 1 1 1210 1,10, i 1 I 1 i 1210 1 i104

FIELD FORMAT CONTENTS

PHI 8FI0.0 NSPLOT elevation angles, degrees.

m.7

Ni
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v

Viewing position

/ I/ /
z I ,i

S- --- --
I _ I

' N

/ -Center of the imaginary C

/ workbox which encloses
the model

X

0 = Azimuth angle in X-Y plane in degrees (-180' 0 < +1800)

Elevation angle in degrees (-90° < '+90°)

iU
"Figure A-2. Angular coordinates for viewing of seat

model s.

A-11

S A-If

A-ir



LINE 3D: Seat Structure Plot Viewing Azimuth Angle (only if NSPLOT > 0)

DESCRIPTION: Angles in degrees corresponding to TPLOT times on line 3A. The
viewing azimuth angle is illustrated in figure A-2.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

1234 4567890 1234567890 111,56U,.0. 1234567890 1234567890 12346651890 .1234,267890112345h78.90 i"
THEM•) THETM) TH THEM VH(s) THEM) THE( THE(S)

, , 4 5 . 0 1 1 1, , 14 ,5 1 ,1, 1 1, 1 4, 5 1. 1 0• , ,, 1 4 ,5 1, 1 0,C 4,, , 4 • 5,, , , , , 0,,4 , , ,, 1 , ,

FIELD FORMAT CONTENTS

THE 8F10.O Vector of NSPLOT azimuth angles, degrees.

I
ý,4
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LINE 3E: Nodal Output Selection (only if IuUT(8) > 0)

DESCRIPTION_ Node numbers, in pairs, to specify which X, Y, Z displaceme~nts
are to be printed. (The node numbers are defined on line 50.)

FORMAT ANU EXAMPLE:

0 1 2 a 4 5 6 7 8

123466789012345678901 46709 123466789 34567890123466•7890.123456 L0 12346789

"OKOD NODMIINODE($)KNODN(4) NO NODl(O NO OEK( 14 (I) KNODI(S)KNOOE(O KNODE(IO)

2L1 -L L LL lJ.ILLLLL L L L 1

FIELD FORMAT CONTENTS

KNODE 5(215) Nodal displacements printed for nodes beginning with
KNODE(I) through KNODE(I+1), inclusive. Up to 5 pairs
of nodes are pemitted.

4A-.1

".p

t'
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LINE 3F: Beam load and stress Selection (only if IOUT(1O) > 0)

DESCRIPTION: Element numbers, in pairs, to specify which stresses are to be
printed. Maximum and minimum values of stress are printed at
both ends of selected beams.

FORMAT AND EXAMPLE:

0 12 - 4 a 6 7 a

123456789012345678901234567890_12345678901234567890123456789012845678901284667890

K09Ah4(1) RUAW)N AW) KMEAMC4) tUAC)K.M)KW&AMC) KBEAMCS) K@"W.O) KMEAIAMC
I 1 1 I 1 1 I IL I _ l] . _!j1 ._ I L/lIl I 1 L I I U 1 1 1L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1

FIELD FORMAT CONTENTS

KBEAM 5(215) Loads and stresses printed for beam elements beginning
with KBEAM() through KBEAM(I+1), inclusive. Up to 5
pairs of elements are permitted.

A-14



LINE 4: Simulation Control Data
DESCRIPTION: Parameters for control of solution duration, step size, and error

bounds.

FORMAT AND EXAMPLE:

0 11 2 3456 7 8

1234567890123456789012345678901234567890123 0123456708912345980123456789

TMAX DMAX [ iN M"E[u pLR TI TF Ul

30 111051 II111101 0., 10, 1 lUJi 0. 0 176 0 0005'I[][ ,,1o- ,L I , I, I, ,,L, 'I II .L ILILIL I

FIELD FORMAT CONTENTS

TMAX F1O.O The maximum time allotted for the run on the job card
in decimal seconds. This will ensure that the solution
is terminated In time to permit printing of the output
already computed.

DMAX F1O.O Maximum step size. A value of 0.001 sec has been used
successful ly.

DMIN F1O.O Minimum step size. A value as large as 0.001 sec has
been used successfully, but the use of very stiff re-
straint system webbing or seat cushions may require a
smaller value, such as 0.00001. The solution can be ac-
complished with a fixed step size by setting DMIN = DMAX.

EUR F1O.O Maximum bound on error between predictor and corrector.
A value of 0.05 to 0.10 is suggested, corresponding to
a range of 5 to 10 percent. If the error in any vari-
able is larger than this value, the step size is halved,
maintaining solution accuracy.

ELR F1O.0 Lower bound on error between predictor and corrector.
A value of 0.001 is suggested, corresponding to 0.1
percent. If the error in all variables is smaller
than this value, the step size is doubled, preventing
the computer execution cost from becoming excessively
high.

Note: Because doubling the step size multiplies the
t-ru-ncation •rror in the Adams-Hloulton integrator by a
factor of 2 , ELR should be chosen less than EUR/32 if
the advantages of doubling are not to be short-lived.

TI F1O.0 Initial solution time in seconds. Normally taken as 0.

TF F10.0 Final solution time in seconds.

OTI F10.0 Initial step size, normally set equal to DMIN.

A-15



LINE 5: Combined Seat Cushion and Occupant Buttocks Properties

DESCRIPTION: Force-deflection characteristics and damping for seat cushion and
buttocks combined; thickness for seat bottom cushion. The force, i,..

is computed from total deflection,S , according to F = C(e B- 1).
FORMAT AND EXAMPLE:

12345678901234567890 1234567890 1234567890 1234667890 1234567890 2345618

* 760, X.0
LL.L.L_.LLLLLI_ _LL.LLII L i1. LLLL.I.IA. LLLLLLL.L ILL____LLiL±I.I.LLLL LLLLL

FIELD FORMAT CONTENTS

CSC F10.O Coefficient C in above equation (Ib). 1

BSC F10.0 Coefficient B in above equation (in.1).

DPSC F10.0 Damping coefficient at zero load (lb-sec/in.).

THSCE F10.O Unloaded thickness of cushion under buttocks (in.)

A-16,r,
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LINE 6: Back Cushion Properties

" DESCRIPTION: Force-deflection characteristics, damping, and thickness for back
cushion. These characteristics should be measured using an in- ,
denter with the form of the occupant torso. If a dummy torso is
used in measurement, the deflection should be based on the chest
accelerometer location. The force, F, is computed from cushion

deflection,6 , according to F = C(e - 1).
FORMAT AND EXAMPLE:

. 4 . •. -

0 1 2 3 4 . 7 8

"12345678901234667890123456789 12345678901 2345678901234767890 13456789013446689 8 4
"D M 019 ,H E .....---....

760. . .515I I I I lI I l l II I I I I I -L I I I05 0 1 1 1 1 1 2 14 , 1 1 1 1 1 1 11 1 51] 0 1 1 1 1 ..L LA _..L ,! I I I I I IIII 1 1 1 1 1 1 1 1 I I IJ-

FIELD FORMAT CONTENTS

CBC F1O.O Coefficient C in above equation (lb).

BBC FMO.O Coefficient B in above equation (in.l ).

DPBG F10.0 Damping coefficient at zero load (lb-sec/in.).

THBCE F1O.O Unloaded thickness of cushion in center of seat back(in.).

.%
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LINE 7: Restraint System Identification - •

DESCRIPTION: Integers defining configuration of restraint system and presence
or absence of headrest.

FORMAT AND EXAMPLE:

0 1 2 3 45 6 8

L234 617eo2345678901234 5889012345678901234667890123458789012345678901234567890
aN S ,B I5UKL ,LPMLT SHANS INOT-

FIELD FORMAT CONTENTS
IRSYS 15 Restraint system configuration. ;•

IRSYS = 0 : Lap belt only ,
IRSYS - 1 : Diagonal shoulder belt L%

over right shoulder
IRSYS = 2 : Diagonal shoulder belt

over left shoulder
IRSYS = 3 : Double shoulder belt %

IBUKL 15 Buckle connection type (see figure A-3).

ILPBLT 15 Lap belt attachment

ILPBLT = 0 : Attached to airframe ,...ILPBLT 1 1 : Attached to seat.

ISHRNS 15 Shoulder harness attachment

ISHRNS = 0 : Attached to airframe
ISHRNS - 1 : Attached to seat.

IHRST 15 Headrest option

IHRST = 0 : No headrest
IHRST = 1 : Headrest included - requires line 7A.

,'• .;
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kA

IBUKL = 1 IBUKL 2 IBUKL 3 v,
qiC,

0

BUKL = 0

I = Shoulder belt fixed to buckle
2 = Shoulder belt and one side of

lap belt are one lenqth of
webbing

3 = Should-r belt and lap belt
attached to fixed point

NOTE: BUKL parameter is defined on lines 11B, 11C, and 11D. *. ]

Figure A-3. Types of buckle connections specified
by IBUKL on line 7.

A-19_________ _______________ A"___ _____
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LINE 7A: Headrest Cushion Properties (only if IHRST = 1)

DESCRIPTION: Force-deflection characteristics, damping, and thickness for head-
rest cushion. The measurement should be made using a headform.
The force, F, is computed from cushion deflection,S, according
to F -- C(eB6 1).

FORMAT AND EXAMPLE:

123466189012345G,89012345678901234567890123456789012345678901234667890123 68

HR oHIm DPH I THMR-

FIELD FORMAT CONTENTS

CHR F1O.O Coefficient C in above equation (lb).

BHR F1O.O Coefficient B in above equation (ird. 1).

DPHR F1O.O Damping coefficient (lb-sec/in.).

THHRE F1O.O Unloaded thickness of cushion behind head (in.).

A-20
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LINE 8: Lap Belt Properties

DESCRIPTION: Tables of forces and deflections define an approximation to force-
deflection curve by three linear segments, as illustrated in
figure A-4. The force and deflection at point I are assumed to
be zero.

FORMAT AND EXAMPLE:

1234567890 1234667890 1234567890 1234567890 1234567890 81234567890 12-4-067890I1284,567890

FL,(2)s)M M L(4) DOLI (2) DOLE(S) 0 .15(4) OP1. GLAD

550 1300. 2250. 0.0403 0 1048 0 161 .
1111I I LIIIIL .I LLLLLLLLL II LLLL III LLLLL II LL. LLL4_Ll I

FIELD FORMAT CONTENTS

FFLB 3F10.0 Forces (lb).

DULB 3F10.0 Strains corresponding to forces (in./in.).

DPLB F1O.O Damping coefficient (lb-sec).

SLAB F1O.O Slack in the total lap belt loop, the length that, if
removed, would cause the belt to pass snugly over the
occupant with zero load (in.).

A4
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CO

FF) (4), (DF3 4))

0

FFLB(2) (D4, F4)

IDLB(2) (DDLB (3) DDLB(4)

Deformation

Figure AA. Force-deflection model for
restraint system webbing.
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LINE 9: Lap Belt Anchor Points and Footrest, Passenger No. 1*

'& DESCRIPTION: Coordinates of right and left lap belt anchor points

in aircraft coordinate system; location of footrest.

FORMAT AND rUXAMPLE:

0 2 a 4 5 6 7 8

13 567890•24566 8901!28456789C 1234567890123456'7890:1234561T89012.34117AR.0 1245676"8 a

S12.5, 1111,11 11 15,q 1 ,!1 17,5 -11111 0.l01 111,5,01

FIELD FORMAT CONTENTS

X'1:1' 3F`10.0 Coordinates of right-hand lap belt anchor point in
,'LB( 11 aircraft coordinate system (in.). 5A

XLB (2,1) 3F1O.O Coordinates of left-hand lap belt anchor point in
YLB (2,1) aircraft coordinate systen (in.).
ZLB (2,1)
;• Used only if ISEAMT I)'=1 on Iline 2. •

N-
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LINE 10: Lap Belt Anchor Points and Footrest, Passenger No. 2*

DESCRIPTION: Coordinates of right and left lap belt anchor points in aircraft
coordinate system; location of footrest.

FORMAT AND EXAMPLE:

0 12 3 4 5 6 1 8

123456789012-4567890123456789012345678901234567890125456789012846678901234667890

XLI(1.M) VLO(I.2) zLU6t.0) xL ) X MLO zw.2) f-UN--a)

1 - 10 .'01 ' 1.5 .I 12. 10 . 15.C

FIELD FORMAT CONTENTS

XLB(I,2) 3F10.0 Coordinates of right-hand lap belt anchor point in
YLB(1,2) aircraft coordinate system (in.).
ZLB (12)

XLB 2,2 3FI0.O Coordinates of left-hand lap belt anchor point in
YLB 2,2) aircraft coordinate system (in.).
ZLB (2,2)

*Must be included. 'Used only if ITYPE > 1 and ISEAT(2) 1 1 on line 2.

A-24
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LINE 11: Lap Belt Anchor Points and Footrest, Passenger No. 3*

DESCRIPTION: Coordinates of right and left lap belt anchor points in aircraft
coordinate system; location of footrest.

FORMAT AND EXAMPLE:

0 11 21 3 [4 65 6 78

12346678901234567890 1234567890f12345678901234667890 123456o790123456zj.90123"O 8i
)x L*(t18) YLI4.8) nM1.2) XRI S "t.4

12. ,1 1.L 191.II _LJ 111151. 0 12.5 30.0 15. 0

FIELD FORMAT CONTENTS

XLB(1,3 3F1O.O Coordinates of right-hand lap belt anchor point in
YLB(193 aircraft coordinate system (in.).
ZLB 1,3

XLB 2,3 3F1O.O Coordinates of left-hand lap belt anchor point in
YLB 2 3 aircraft coordinate system (in.).
ZLB 2

*Must be Included. Used only if ITYPE = 3 and ISEAT(3) = 1 on line 2.

N2
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LINE 11A: Shoulder Belt Properties (only if IRSYS > 0)*

DESCRIPTION: Tables of forces and deflections define an approximation to
force-deflection curve by three linear segments, as illustrated
in figure A-4. The force and deflection at point 1 are assumed
to be zero.

FORMAT AND EXAMPLE:

01 2 3 4 5 67

12346678901234567890 12845678901234567890123456789012345678e•12$45678,1J

rpPU4s) PPIN4a) Fl'SN4 00S4"(2)bh~) DDIMO) D""t KOHg

FIELD FORMAT CONTENTS

FFSH 3F10.O Forces (lb).

DDSH 3F10.0 Strain corresponding to forces (in./in.).

DPSH F1O.O Damping coefficient (lb-sec).

* SLSH F1O.O Shoulder belt slack (in.).

*Not present for sample e-ase.

A-2 6
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SLINE 11BI 114 -...... 11D: Shoulder Belt Anchor Points (only if IRSYS > 0)*

DESCRIPTION: Coordinates of shoulder belt anchor point in aircraft coordinate
system, along with other restraint system characteristics. S

FORMAT AND EXAMPLE:

o 1 2 a 4
12345679246801•46789)0 1234567890 1,23 4567890 1234567890 1234507•890L•46f Q"-'

XSW(1) yowl) ZIH() NUNL() XTRAL(1)

I I I I I I I I I I l I L I]_I I I I I I I I I I I II I I I JA U I II I Il L I I LI I I I J l I I 1 J J l I II ,.

FIELD FORMAT CONINTTS E•

XSH(1) 3F1O.O Coordinates of shoulder belt anchor point in aircraft
YSH (1) coordinate system, or point from which belt passes to
ZSH(1) shoulder in a straight line.

BUKL(1) F1O.O Length of lap belt webbing attached to buckle, illu-
strated in figure A-3 (in.). 0 Z"H'

XTRAL(1) F1O.O Length of shoulder strap beyond (XSH(I)s YSH( 1) ZSH( 1)
if strap not in straight line, as shown in figure A-5S~(in.).

Lines 1iC and lID repeat Line lIB for passengers 2 and 3.

*Not present for sample case.

I%
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XSH(1), YSH(I), ZSH(I )
V.
0

Figure A-5. XTRAL dimensions for shoulder N
belts on lines 11B, 11C, liD.
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SI i
LINE 12 - 35: Aircraft Acceleration

DESCRIPTION: The time variation of each of the six components of the accelera-
tion of the aircraft coordinate system is approximated by up to
16 points in acceleration and time.

FORMAT AND EXAMPLE: (Lines 12- 15)

0 1 2 3 4 5 8 7 a

1234567890 12 3467"j0 1234567890 123 456 7890 1234.667890 12345678920 1234.6.78190 123 4 567a90 iiA.
AW~t) AX(SO AWN() AX(4) AM(S) AN(S) AX() ANMS)

6 .0 -6.0 0. ,,
1 I I IIJ. I 1 1 __LI. ILI ../ I I I 1 .I IJ.lL

AM(S) AX(IO) AX(I 1) AX412) AXOIS) AX((4) AX(OS) AXl16•U,

TN(I) TN(S) TN(S) VN(4 rNS N()Tty) TNAW
.l]l. JIII I .IlL.I L J l.III.I.LL. I I. I IILLLL l LLL i "LLULLI I I I El'll' I IL LL 'L L lI IIIW .... WilTll (,) il Te)? i) LLJ~L.L.L"J

0. 0,01 C 0 15 5 0.16 5 0.175 -

TX(O) TK(Io) TN( T(1S) V(O S) T) ( W 4) TW(OS) tO)

i• I l l l l l l l l I I I I I I I I I I l l lIlIlIl I I I I I I•L • t l l l l l l lL I I I I I I I I I I

FIELD FORMAT CONTENTS

Lines 12 and 13: 4

AX(J), J = 1-8 8F10.O X-acceleration (G).
AX( J), J 9-16 8F10.0

Lines 14 and 15:

TX(J), J 1 1-8 8F10.0 X-time corresponding to lines 12 and 13 (sec).
TX(J), J = 9-16 8F10.0

Lines 16 and 17: Y-acceleration (G). I'
Lines 18 and 19: Y-time (sec).

Lines 20 and 21: Z-acceleration (G).

Lines 22 and 23: Z-timne (sec).

Lines 24 and 25: Yaw acceleration (rad/sec/sec).

Lines 26 and 27: Yaw time (sec).

Lines 28 and 29: Pitch acceleration (rad/sec/sec).

Lines 30 and 31: Pitch time (sec).

Lines 32 and 33: Roll acceleration (rad/sec/sec).

Lines 34 and 35: Roll time (sec).

A-29
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LINE 36: Aircraft Initial Velocity

DESCRIPTION: Components of aircraft initial velocity, in aircraft coordinate
system, translation and rotation.

FORIAT AND EXAMPLE:

12345678901234567890 12345678901234567890123456789012345678901284•678901284567890

30. 0, 0.1i' .I I1111111'~ ~ Illl I II I L II l I~ li ~ ill li lll 1 1111i-A l

FIELD FORMAT CONTENTS

VX 3F10.0 Components of aircraft initial velocity in aircraft
VY coordinate system (ft/sec).
vz
DYAW 3F10.O Yaw, pitch, and roll rates (rad/sec). I
DPITCH
DROLL
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LINE 37: Aircraft Initial Position

DESCRIPTION: Components of aircraft initial position, in earth-fixed coordinate
system, and attitude.

FORMAT AND EXAMPLE:

o 2 4 5 6 7 8

1234 5678901234 867890 1234b$78901 2345678" 90123 456890 I 345678901245678Q ,18 '4§6789-0

YA A ZA YAW PITCH DAOLL

It I 1, 101 1 111 11 101AI I I II10 L iL 1_ LL IIIII.IIIL

FIELD FORMAT CONTENTS

XA 3F10.O Position of aircraft coordinate system in inertial
YA system (earth-fixed system in which gravity acts in the
ZA -Z direction) (in.). These initial coordinates are

normally taken as (0., 0., 0.) unless displacement from
a specific point is desired. For example, if the simu-
lation is to be initiated at some horizontal distance
from a barrier, such as 60 in., the initial position
could be specified as (-60., 0., 0.). If the simula-
tion is to begin 10 in. above the ground in a vertical
drop, the initial position could be specified as (0.,
0., 10.). These coordinates are not used in the simu-
lation but only in output of aircraft position.

YAW 3F10.0 Initial attitude of aircraft relative to earth-fixed
PITCH system (deg).
ROLL

%
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LINE 38: Occupant Identification and Friction CoefficienLa

DESCRIPTION: Identification of type of occupant (human or dummy).

NOTE: IMAN = 2 or 3 requires additional lines for each passenger.

FORMAT AND EXAMPLE:

1259012 3_40678901123456 B 9123456789011.346678901 L2.4i 8912367
OMAN 001IFF11 COKPPR

10,.18 0.25j i_ ll .1l1 ' 1 ' 1 I1 I I11 1 I ] 1 1 1 Il1 1 1, 1 1 ,L I L, I I , I I I II ' II' 'I -II ' II 'I I II ' II ' II ,L I I I , , ,

FIELL FORMAT CONTENTS

IMAN 15 Identification of occupant

5X IMAN w 0 : Standard 50th-per -rw e male human
IMAN-- 1 : Standard 50th-per., e (Part 572)

dummy
IMAN = 2 : Nonstandard human
IMAN = 3 : Nonstandard dummy.

COEFFS F10.0 Seat cushion friction coefficient.

COEFFR F10.0 Floor-foot friction coefficient.

$I

II
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LINE 39: Occupant Initial Position, Passenger No. 1

DESCRIPTION: Initial position angles and heel X-position, as illustrated in
figure A-6. The heels are assumed to begin at Z 0 0. The torso
is aligned according -to GAM(1,1), GAM(2,I), and GAM(3.I), and the
position is then determined from static equilibrium, allowing for
compression of the cushions. Also, the Y-coordinate of the occu-
pant plane of symmetry is included.

FORMAT AND EXAMPLE:

0 1 4 64 7 8 9 kg I 7 7
.1234567890123456789 123,4567890 128466789pIi A18o1467 1M678 45072'

,'.',,.,,~. _ _J lj 1 I .. . ,_1 _ _-
-1116,.1 , -1 7 -16.1 60. 32. -20

FIELD FORMAT CONTENTS

GAM(I,l) 5FI0.0 Vector of initial position angular coordinates, as
illustrated in figure A-6 (deg).

XHEEL(1) F1O.O X-coordinate of heels in aircraft coordinate system .1
(i,.). 

.YPASS(1) FIO.O Y-coordinate of mid-place (plane of symmetry) for
occupant.

".°

40
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GAM(3,1

GAM(2,1) M

4/ GAM(4,1)

C

AXAA

XHEEL(1 )

Figure A-6. Occupant initial position input data.
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LINE 40: Occupant Initial Position, Passenger No. 2

DESCRIPTION: Initial position angles and heel X-position, as illustrated in
figure A-6. The heels are assumed to begin at Z = 0. The torso
is aligned according -o GAM(1,2), GAM(2,2), and GAM(3,2), and
the position is then determined from static equilibrium, allowing
for compression of the cushions. Also, the Y-coordinate of the
occupant plane of symmetry is included.

FORMAT AND EXAMPLE:

0 1 2 3 4J 6 -7 8

1 23456789012845678901234567890 1234567890123466789012345078•0123-•678901284667890

16 16. 7. 16 6r0 0. _

FIELD FORMAT CONTENTS

GAM(I,2) 5F10.0 Vector of initial position angular coordinate, as
illustrated in figure A-6 (deg.).

XHEEL(2) F1O.0 X-coordinate of heels in aircraft coordinate system
(in.).

YPASS(2) F1O.O Y-coordinate of mid-plane (plane of symmetry) for
occupant.

',T
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LINE 41: Occupant Initial Position, Passenger No. 3

DESCRIPTION" Initial position angles and heel X-position, as illustrated in
figure A-6. The heels are assumed to begin at Z 0 0. The torso
is aligned according to GAM(1,3), GAM(2,3), and GAM(3,3), and
the position iF then determined from static equilibrium, allowing
for compression of the cushions. Also, the Y-coordinate of the
occupant plane of symmetry is included.

FORMAT AND EXAMPLE:

01 -2 3 4 8 78

1234667t39012345678901234667890 12345678901234567890123456789012-3456789012345678

0AMMIS) GAM(2.3) oAu4o13) aAmKS,) aAu(B.2) Xi4US) YPASMS)

FiELD FORMAT COMN ElNiS

GAM(I,3) 5F10.O Vector of initial position angular coordinate, as
illustrated in figure A-6 (deg).

XHEEL(3) F10.O X-coordinate of heels in aircraft coordinate system(in.).

YPASS(3) F1O.O Y-coordinate of mid-plane (plane of symmetry) for
occupant.
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LINES 39A - 39L: Nonstandard Occupant Input Data*

If nonstandard occupants are requested by setting IMAN 2 (human) or IMAN = 3
(dummy) on line 38, then 12 additional lines must be inserted. The format for
these 12 lines, referred to as 39A - 39L, is explained on the following 15
pages. If IMAN - 0 (standard 50th-percentile human) or IMAN = 1 (standard
50th-percentile dummy), skip this section and proceed to line 42.

*These lines must be-provided for each occrpant after the line specifying
corresponding occupant initial posicion (lines 39, 40, and 41). They are not
included in the sample case, but an example is provided in Appendix B.

p~ *i
II

DI

I ,
SA-3 7



LINE 39A: Segment Lengths (only if IMAN = 2 or 3)

DESCRIPTION: Lengths of the spine and segments 3, 4, 5, 8, and 9 as described
in figure A-7. The lengths of segments 6, 7, 10, and 11 are
obtained from these by symmetry (in.).

FORMAT AND EXAMPLE:

0 1 2 3 4 5 61 7 8

123466789012345678901234667890 12345678901234567890123456789001234686678

GPL XLl3) XL(4 L ) CL() XL(l) ...... . ....

II I .1 I I I L I I I. I I I I I I I I I I I I I I I I I I I I I I I I 1L i

FIELD FORMAT CONTENTS

SPL F1O.O Spinal length.

XL(3) F1O.O Head Length.

XL(4) F1O.O Upper arm length.

XL(5) F1O.O Lower am length - elbow to mid-point of hand.

XL(8) F1O.O Upper leg length.

XL(9) F1O.O Lower leg length - knee to ankle.

A JI.
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Figure A-7. Progran SO(-LA body segiineit diimonslons.
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LINE 39B: Segment Center of Mass Location (only if IMAN - 2 or 3)

DESCRIPTION: Center of mass locations for segments 1, 2, 3, 4, 5, 8, and 9.
See figure A-7 for datum plane description (in.).

FORMAT AND EXAMPLE: __

"0 1 2 3 4 5 6 71 81
,1234667890 12314667890 12__•8486789 .I12341667890 1234567801 46/890 12345678g0 12345677•t05

MHO(i) HHOI RHOM) ,140(4) M40(U "HO(S) RHOM(S H " i,
iiLLL I It I I I I I I I L. I I I I I I I I I I I I I I iL1L,,L I I I iLLL L I I I I I I I I I i I I I I I I I I I I I I I I I

FIELD FORMAT CONTENTS

RHO(1) F1O.0 Lower torso center of mass vertical distance from hip
pivot.

RHO(2) F1O.O Upper torso center of mass distance fromn base of neck.

RHO(3) F1O.0 Head center of mass distance from base of neck.

RHO(4) F1O.O Upper arm center of mass distance from shoulder pivot.

RHO(5) F1O.O Lower arm center of mass distance from elbow pivot.

RHO(8) F1O.0 Upper leg center of mass distance from hip pivot.

RHO(9) F1O.O Lower leg center of mass distance from knee pivot.

I:
4'Z
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LINE 39C: Segment Weight (only if IMAN 2 or 3)

DESCRIPTION: Weights of segments 1, 2, 3, 4, 5, 8, 9 and 12 (lb).

FORMAT AND EXAMPLE:

1 234B61690 !284 _O7890123a4j 66789 123450788901J.189 01284 66t789 1 23L 4A6789j 1 28466789 0

OW~t) SW01) SW(S) SW(s) SW() sW( SW(S) swi'. 'r
,1JJ.IIIII i.IWLLI. .L1L1LLLL

FIELD FORMAT CONTENTS

SW(1) F1O.O Lower torso weight.

SW(2) F1O.O Upper torso weight.

SW(3) F1O.O Head weight.

SW(4) F1O.O Upper arm weight.

• SW(5) F1O.O Lower arm weight.

SW(8) F1O.O Upper leg weight.

SW(9) F10.O Lower leg weight.

SW(12) F IO.C Neck weight.

A-4 1 N.



LINE 39D: Segment Moment of Inertia with Respect to Local x-axis (only if

DESCRIPTION: Moments of inertia with2 respect to x-axis for segments 1, 2, 3, 4,
5, 8, and 9 (lb-in.-sec ).

FORMAT AND EXAMIPLE:

0o 5 a 7

12345678901234567890128456780012345678901234567890123456789012346678901234567890
COW)1 a:XR •t(I IX(4W#(l wai() 0|1W(O

.Ll i ±.LLI -1-LLLLLL . _L _ LL LLLLL .L__ IL £I 11i11iL LJ LLl -. 1 1L I I II I. ILiii

FIELD FORMIAT CONTENTS

CIX(1) FIO.O Lower torso x-axis moment of inertia.

CIX(2) F10.O Upper torso x-axis moment of inertia.

CIX(3) F1O.O Head x-axis moment of inertia.

CIX(4) F1O.0 Upper arm x-axis moment of inertia.

CIX(5) F1O.O Lower arm x-axis mcment of inertia.

CIX(8) F1O.O Upper leg x.-axis moment of inertia.
CIX(9) F10.0 Lower leg x-axis moment of inertia. •.

S1XI

,,>. ',,,. , *,.,

A-42

'7-



LINE 39E: Segment Moment of Inertia with Respect to Local y-axis (only if
IMAN - 2 or 3)

DESCRIPTION: Moments of inertia with respect to y-axis for segments 1, 2, 3, 4,
5, 8, 9, and 12 (lb-in.-sec').

FORM1AT AND EXAMPLE:

0 1 2 a 4 ' 6 7 8

12345678901284567890128466789012345678901234667890 123456780O12345678901234567890

CIYVn _ i__I) _I_(_) C IY(4 ) WIY() i (Ye) MVY() Cl¥OI)

Lia

SF IELD FORMAT CO NT ENTS

CIY(1) F1O.O Lower torso y-axis moment of inertia.

CIY(2) F1O.O Upper torso y-axis moment of inertia.

CIY(3) F1O.O Head y-axis moment of inertia.

CIY(4) F1O.O Upper am y-axis moment of inertia.

CIY(5) F1O.O Lower arm y-axis moment of inertia.

CIY(8) F1U.O Upper leg y-axis moment of inertia.

CIY(9) F10.O Lower leg y-axis moment of inertia.

CIY(12) F1OO Neck y-axis moment of inertia.

ivy'.
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LINE 39F: Segment Moment of Inertia with Respect to Local z-axis (only if
IMAN 2 2 or 3)

DESCRIPTION: Moments of inertia with respect to z-axis for segments 1, 2, 3, 4,
5, 8, and 9 (lb-in.-sec ).

FORMAT AND EXAMPLE:

3 1 2 a 4 6 7 S

123456789012345_678690 1324667899 12345078p0 1234567890 1234567990 123,4567890 1 2-34507

0 t) 0114() CMl(S) CUM4 Coi) 012(1) OC(h )

L I I LL 1 Il 1 11L LL l ,.L I I I II 1 11 1 1 1 L 11 1 1 ii LL... LI . 111 iLLi 111 111

FIELD FOR4IAT CONTENTS

CIZ(1) F10.0 Lower torso z-axls moment of inertia.

CIZ(2) F10.0 Upper torso z-axis moment of inertia,

CIZ(3) F1O.O Head z-axis moment of inertia.

CIZ(4) F10.0 Upper an, z-axis moment of Inertia.

CIZ(5) F10.0 Lower arm z-axis moment of inertia.

CIZ(8) F1O.0 Upper leg z-axis moment of inertia.

CIZ(9) F10.0 Lower leg z-axis moment of inertia. '

A-44
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LINE 39G: Contact Surface Radii (only if IMAN - 2 or 3)

DESCRIPTION: Radii of contact surfaces 1, 2, 3, 4, 5, 8, 9, and 12 (in.).
(See figure A-8 and table A-i for human occupant.)

FORMAT AND EXAMPLE:

0 1 81 4 5o 6 8

128456789012bUM4.&,L..78 6 t2AA1iIIMQAj23S5cU...JW14789 12345.7890 1234961890

XI"t) aMud NR() X"(6) X"(6) XRFA IK 9)~

LL lL L I I I I I I I I I I L L iI I LI I I I I I.I LL IL .. . L I I 1 .L 1I 1L I,.J11Ji

FIELD FORMAT CONTENTS

XR(1) F1O.O Radius of lower torso contact surface ellipsoid.

XR(2) F1O.O Radius of upper torso in mid-saggital plane.

XR(3) F1U.O Radius of head in mid-saggital plane.

XR(4) F1O.O Radius of upper arm contart surface cylinder.

XR(5) F1O.O Radius of lower am contact surface cylinder.

XR(8) F1O.O Radius of upper leg contact surface cylinder.

XR(9) F1O.O Radius of lower leg contact surface cylinder.

XR(12) F1O.O Radius of neck contact surface cylinder.

IIN
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TABLE A-1. STANDARD CONTACT SURFACE DIMENSIONS

Fraction of Actual DimensionFractin f for 50th-
Stature Percentile Human

Surface Symbol_ i Nale (i-n..)

Pelvis R 0.0579 4.00

Chest R2  0.0689 4.76

Head R 0.0485 3.35

Arm R4, R6  0.0263 1.82

Forearm R5, R7 0.0243 1.68

Thigh RB, Rio 0.0466 3.22

Leg R9, R11  0.0344 2.38

Knee R12, R13  0.0373 2.58

Foot R14 , R15  0.0405 3.10

Hip R16, R17  0.0515 3.56

Shoulder R18 , R19  0.0378 2.61

Elbow R20, R2 1  0.0268 1.85
Hand R22, R23  0.0339 2.34

A-4 7



LINE 39H: Contact Surface Radii Continued (only if IMAN 2 or 3) ,.

DESCRIPTION: Radii of contact surfaces 14, 16, 18, 20, and 22 (in.).

FOIRMAT AND EXAMPLE:

0 1 2 3 41

123456789012345678901234567890 12345678901234667890123456789o123456789012a4667e9o

XR(14) X"(16) KXt( 18) XIA(2O) W22t)

11 11, I"" ' " J 1iL, 111.-L1 1 ,1,,,, 1,,L-LLLL I I I I II I I I I •LI,,II,,L, , , I , I IIL

FIELD FORMAT CONTENTS
XR(14) F1o.o Radius of foot contact surface sphere.

XR(16) F10.0 Radius ot hip contact surface sphere.

"XR(18) F1O.O Radius of shoulder contact surface sphere.

XR( 18) F10.0 Radius of e bo u e contact surface sphere.I
XR(20) F1O.O Radius of elbow contact surface sphere.

:•XR(22) FIO.O Radius of hand contact surface sphere.

4X

%I
-!,

0. M.,
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LINE 391: Spherical Joint and Center of Mass Offset Distances (only if IMAN Y%
r 2 or 3)

DESCRIPTION: Distances that spherical joints (shoulder and hip) are laterally
offset from the mid-saggital plane, and the anterior offset of
the major upper body segment (lower torso, upper torso, and head)
center of masses from the spine. (See description of distances in
figure A-7.) Dimensions are in inches.

FORMAT AND EXAMPLE;

0 1 2 1243456780235 78913689

12345678901234567890 1234567890 23456'789011234567889

XLH XIMI EWO (2) EM(3)

U -LI I I 1 11I I LLIIIIIIII 1111 W i LLL i LLLiL LI LL I U I I .L LLLL _L.LLLLL. II

FIELD FORMAT CONTENTS

XLH FIO.O Lateral distance of center of hip joint from mid-
saggital plane.

XLS F1O.O Lateral distance of shoulder joint from mid-saggital
plane.

EM(1) F10.0 Anterior offset distance of the lower torso center of
mass from the spine.

4 
4

4 4'.

EM(2) F1O.O Anterior offset distance of the upper torso center of
noss from the spine. .

EM(3) F10.0 Anterior offset distance of the head center of mass

from the spine.

Q,
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LINE 39J: Abdomen and Chest Compliance (only if IMAN 2 or 3)

DESCRIPTION: Estimated force-deflection characteristics (compliance) of occu- i"

pant chest and abdomen under restraint system loads. The force, F, S

is computed from cushion deflection, 6 , according to F = C(eB - I).

FORMAT AND EXAMPLE:

1234567890 66g8134125466789 12345678900123 1.2k.4.45a80 1 1 4"V524 6 7 9 1_47 8 9 0L 
M 1 3 4 5 6 7

- IADD MA-D COHE Ci-E-

.L........LLL.LI LLLL LLLL LL- LLLLLLLL TLLLULLLL

FIELD FORMAT CONTENTS

CABD F10.O Coefficient C for abdomen compliance (lb).

BABD F10.O Coefficient B for abdomen compliance (in.).)

CCHE F1O.O Coefficient C For chest compliance (lb). 6

BCHE F10.O Coefficient B for chest compliance (in. 1 ).J

, 1
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LINE 39K: Axial Stiffness and Damping Properties for Spine and Neck (only if
IMAN -2 or 3)

DESCRIPTION: Axial force-deflection characteristics for the two-dimensional
spine and neck beam models and associated axial damping. The force,

F, is computed from deflection,6 , according to F = C(eBd- 1)

FORMAT AND EXAMPLE:

123466789011234567890123456789 123456789 28456678901284567891;3456789 5 0.

OAX F BAXG DMPS CAXN IIAXM OPWN

1 1 Ji i ll II i .i l Ji.i I ,iLLU Iiii I jW l Ii I.iLiLL LLLLL i Li-.

FIELD FORMAT CONTENTS

CAXS F1O.O Coefficient C in above equation for axial spinal stiff-
ness (Ib).

BAXS F1O.O Coefficient B in above equation for axial spinal stiff-

ness (in.'1).

iiO, DMPS FIO.O Axial damping in spine (Ib-sec-in. 1). a

CAXN F1O.O Coefficient C -in above equation for axial neck stiff- I,

ness (0b).

BAXN F1O.O Coefficient B in above equation for axial neck stiff-
" ness (in,- I o

DMPN FIO.O Axial damping in neck (lb-sec-in.' 1"

A-51
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LINE 39L: Rotational Stiffness and Damping Properties for Spine and Neck (only"--'---'" if IMAN -2 or 3) i

DESCRIPTION: Rotational moinernt-angle characteristics for the two-dimensional
spine and neck beam models and associated rotational damping. The
moment, M, is computed from angular deflection,6 , according to

M = C(eB 6 - I).

FORMAT AND EXAMPLE:

01 2 3 4 5 7 a

123466789o1234567890 123456789012345678901284667890c1246678gO123456789o12346678O0

COMM(t IMOM(1 Xjtt) OAOTM2 MYMt* XJ

I~~~ I j I I I I t11 I II i I I1111 1 1I II 1 1l 1il ll l 11 1 11 l 1 1 I 1 1 I 1 1 1I 1i | 1 1 i

FIELD FORMAT CON~TENTS
CROT(1) F10.Oi eCoefficient C in above equation for rotational spinal

CROT 1) 1O.O stiffness (in.-lb).

BROT(1) F1O.O Coefficient B in above equation for rotational spinal

stiffness (rad'1).

XJ(1) F1O.O Rotational damping in spine (lb-sec).

CROT(2) F1O.O Coefficient C in above equation for rotational neck
stiffness (in.-lb).

BROT(2) F10.O Coefficient B in above equation for rotational neck

stiffness (racf 1)

XJ(2) FIO.O Rotational damping in neck (lb-sec).

A-.52



LLNL 42: Seat Geometry

DESCRIPTION: Dimensions of seat model as shown in figure A-9.

FORMAT AND EXAMPLE:

0 1 2 af 4 5 6 7 a

1234567890 1234567890 1234567 90 1234567890 2 6 123466789011235l47il0

XSUAT MOAY ANOMP I ANOBB XLPAN XWPAN BONIi 65W

10. 12. 8. 16 15 .15 20. 9 20
, 1 I I I I I I] I I I -I L I 11 [1 I.._LI I I I I I I I I L I IL/ IWII I.I

FIELD FORMAT CONTENTS

XSEAT 2F10.0 X- and Z-coordinates (in aircraft-fixed system) of
ZSEAT intersection of seat pan and seat back planes under

the cushions (in.).

ANGSP 2F10.O Seat pan and seat back angles (in aircrdft-fixed
ANGSB system), directions as defined in figure A-9 (deg).

XLPAN F1O.O Seat pan length (in.).

XWPA14 F1O.0 Seat pan width (in.).

SBHT F10.O Seat back height (in.).

SBW F1O.O Seat back width at top (in.).

*1?%-.
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7XS EAT -'

Figure A-9. Rigid seat model geocnetry.
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A.1 RIGIID SEAT INPUT

If a rigid seat is requested by setting NSEAT = 0 on line 1, then the input
data for lines 42A and 426 following this page are required. If the stroking
energy-absorbing seat option is utilized, line 42C !s also required. If con-
tact with the seat back is requested by IOUT(4) -I or 2 on line 3, the data
described in section A.2 are required. If NSEAT 1, signifying the use of the
finite element model, lines 42A-C are omitted and the data of A.3 are used.

A9
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.LINE 42A: Energy Absorber Data

DESCRIPTION: Parameters for the two-degree-of-freedom (seat stroke and rigid-
body rotation) energy-absorbing seat model. (See figure A-10 for

a detailed description of the parameters.)

FORMAT AND EXAMPLE:

0 i 2 4' 5 3 4 8

1234567890 1234667890 12346678901234567890123456789012345678901 234567800

'/'• ~~I ] L I I I L I I I A L I -I I L AI -L -.LL i d-1 I / I L_ _.! ! II I I I IL L._.. _ J ',"

FIELD FOMtIAT CONTENTS
AAll

F2 3F10.0 Energy absorber force (Ib).
4.'. F3

%''

F4

D2 3F1O0. Deflections corresponding to aboveSD3 forces (in.), see figure A-lOa.
D4
ANGEA F1O.0 Stroking angle for guided energy-absorbing seat (deg),

see figure A-10b.

S LA\TM F1O.O Weight of movable part of energy-absorbing seat (lb).

NOTE: If SEATM <' 0 (or left blank) the energy-absorbing
sT -ke of the seat will not be used, i.e., the seat
will remain fixed in position. However, lines 42A and
42B must be included, even if blank.

4'...

*Line not present for SdIliple case.
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F34F3 --- " ..
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0

D2 D3 D4
Stroke - in.

a) Force-stroke characLeristics

I
ANGEA

A-57.
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MotLion

b) Geometry

Figure A-lu.. Enecrgy absorber data.
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LINE 42B: Energy Absorber Data Continued

DESCRIPTION: Parameters for the two-degree-of-freedom (seat stroke and rigid-
body rotation) energy-absorbing seat model.

FORMAT AND EXAMPLE:

12 34 567890 A123t567890 !2534ki-P (|2 3A5O7 "_Q 12 3,0 U79 011 1689234567690I•.4680

WHLOO lOAMP Y2 AY WfLUOD MAW

FI ELD FORMAT CONTENTS U6.1

SUNLOD FIO.O Energy absorber unloading slope (lb/in.)

SDAMP F1O.O Damping coefficent for the energy absorber (lb-sec/in.). \.

YISEAT F1O.O Mass moment of inertia of the seat about a lateral axis
through point C (in figure A-9) with coordinates
X = XSEAT,Z = 0 (lb-in.-sec 2 ).

RUNLOD F10.O Unloading slope for rotational deformation of seat ,

(in.-lb/rad)

RDAMP F1O.O Rotational damping coefficient for the seat (in.-Ib-sec).

-'Tne not present for sample case.

.9W
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LINE 42C: Rigid Seat Rotational Stiffness Parameters

DESCRIPTION: Applied moment versus seat rotational angle as shown in fg-
ure A-I1.

FORMAT AND EXAMPILE:

u'ai La &] 1 J 'I~j jjj •pjjjji i4jiJj' UJi~ 71

12356 8 6 189 LLUCULLI LLL IUM LLLL" 12UILL 2 4A 7 14 57.

FIELD FORMAT CONTENTS

FFRT(2) 3F10.O Applied moment on rigid seat (in.-lb).
FFRT(3)
FFRT(4)

DDRT I2 3F10.0 Angular seat displacement (rad).DDRT3

DDRT(4)

S*ine not present for sample case.

NN
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* FFRT(4).- .- - ,

SFFRT (3) -- - - I.
FRT(2) I I--

Angular deflection -rad

Figure A-11. Rigid seat mnodel rotatiorial stiff~ness.
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A.2 SECONDARY IMPACT INPUT
IWA If contact with the seat back is to be simulated (by IOUT(4) 1 1 or 2), the

following lines of input data are required to describe the surfaces on the
seat back.

I.V

N'•.6

S - A - 6 1

--. •. 
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Line 42D: Seat Back Contact Surface Dimensions

oescription: Dfixiensions of contact surfaces on seat back, as illustrated in
Figure A..12. Aklso, the seat row pitch is included,

Fo rma t an Exýamp Le:I

61234 6 6 78

12346678901234667890 1234567.89012346678901234567890123456789012346678901234567890

TTT WTT HTY TAR -. WAR HAR XLAR -- PITCH

111111 1 LL1111L1 1 .LL LLI I IL L L IIIII ILII117 it
Field Format Contents

TTT F10.0 Distance from top of seat back to top edge of stowed
tray table (in.).

WTT F1O.U Width of tray table (in.).

[ITT i1u.O Height of tray table (in.)

TRF1U.U Distance from top of seat back to top of armrest (in.).

WAR F1U.U Width of armrest (in.).

HAR F1U.U Height of armrest ( In.).

XLAR FIU.U Length of armrest (in.).

SPITCH F1U.0 Seat row pitch (in.). 4

Id A

V
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TAR R
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--, WAR N '
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Figure A-12. Seat back contact surfaces.
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L4.,

'a Lines 42E,FG: Seat Back Force-Deformation Properties

Description: Force-deflection characteristics and damping for seat back sur- *

faces. The force is computed from deflection, 6 , according vZ , M

to F = C(eB6 - 1).

Format and Eamle:

0 1 2 3 4 6 8 7 8

1234567890123456789012345678901234667890123450789012346678901284667 9(1284667890

COON BOON DCON FLIMIT

WLLLLWLLLLLLLLLL .LLLL ... ..LLLL. .. LLLL,.*£LLLLL .LLLLLL

Field Format Contents .1

"COON VIU.O Coefficient C in above equation (1b).

,4; BCUN F1i.0 Coefficient B (in. 4 ).

DCON F10.O tamping coefficient at zero load (lb-sec/in.). k

FLIMIT F10.Q Maximum longitudinal force that can be exerted to the -
surface.

Three lines of data are input in the above format. The first (42E) applies to
the cushion surfaces (1, 3, and 4, in figure A-12). The second line (42F)
applies to the tray table (2 in figure A-12). The third refers to the armrest
surfaces (5-8 in figure A-12).

'-.4,

4,.

4, *+,,
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A.3 NONRIGID SEAT INPUT

If a nonrigid seat is requested by setting 1SEAT 1 on line 1, then the input
data described on the following lines is required to define the finite element
seat model.

%
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LINE 43: Basic Seat Model Data

DESCRIPTION: Control line for finite element model describing the number of
items in each segment of the model (used to control reading of
input cards) and the integration parameters.

FORMAT AND EXAMPLE:

0 1 21456
12345678901234667890112345678.90 i2346618901 12345 678201234867890 6 L.jj

NNOOK IL MUMMT NUMD18Df NCO NSEIC COUU ods

NNOUMA 15 Number of maeral nds.

NUMD IS 15 Number of displacement-specified node points (at which
the aircraft displacement, velocity, and acceleration ~ C

V ~are applied). 4

NDGREE 15 Number of degrees of freedom per node (=6 this version).

NGOORU 15 Number of inactive beam pointer nodes, which are used
to orient beam cross sections. A real node can be
used as a pointer node. Also, a single node can be
used as a pointer node for more than one beam.

NSLCT 15 Number of different beam cross-section types.

CBUK F5.0 B~uckling coefficient fur beams of closed cross-section.

E V-
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LINE 44: Miscellaneous Control Flags A

S DESCR IPT ION: Parameters for control ling execution of finite element seat simu-
lation.

FORMAT AND EXAMPLE:

12 3456 7890 1234567890 1 35~~1234567890 123454-789012345678901234567890 234067890

ILLLL ILLLLIL I LLLL -LL LLLLW1 1. L 1LLL1L111 .LLLWA 111 t JJALL . I. I IIJII

FIELD FORMAT CONTENTS -

KNTRL (1) 15 Maximum number of iterations for convergence within a time
step (Default is 5).

KNTRL(2) 15 Number of increments to enforce the floor warping.
j(See Lines 55 and 55A.) A value of 10 is recommended

for cases where the floor warping produces plastic
and/or large deformations of the seat finite element
model.

'AN.



L|

LINE 45: Material Type Number , b

DESCRIPTION: Material type designation number. Repeat group 45 through 47 in
sequence NUMMAT times, as specified on line 43, one sequence for
each material

FORMAT AND EXAMPLES:

123456789012354 678901234567890 12,_7890i0 ., j7_04,234667890Q1234,56790

FIELD FORVAT CONTENTS

MYTP 15 Material type designation number. The element data on
line 51 specifies the material type by referring to
this number.

MAT A1O Material type description used as heading for material
property output.

Im

:':•,m ...,.
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;f LINE 46: Material Properties

•,• DESCRIPTION: Material physical properties as descilbed in figure A-13.

FORMAT AND EXAMPLE:*

0 1 21 3 4 56 7 a

1234567890 123456'789011i45.67890 1234567890 1 234A67890 _134667890 1jjjL•3567 12345 6 7 9I (I) 9.(f) IM EM, EIG4 1 ,) 941 aft, (,()

2.58BE-4 10.5E 44000. 4~.9E5 62000. 13
. . 1 1 1 1 1 1 . LI I I I I I I_ I I I I I I I .I I I I II I I 1 III L LL . III.UI .LL LLL L

FIELD FORMAT CONTENTS FOR BEAM ELEMENT

E(1) [10.4 Density (lb-sec 2/in. 4)

E(2) E10.4 Modulus of elasticity (Ib/in. 2 ).

E(3) E1O.4 First yield stress; Sy, (lb/in. 2 ) = 0 if elastic.

E(4) E10.4 First plastic modulus (lb/in. 2 ) = 0 if elastic.

E(5) E10.4 Not used.

E(6) EIO.4 Ultimate stress; Sult (lb/in. 2 ) = 0 if elastic.

E(7) E10.4 Poisson's ratio.

E(8) EIO.4 Not used.

*Example for the first of two groups, determined by NUMMAT= 2 on line 43.
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*Figure A-13. Idealized stress-strain curve.
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6 LINE 47: Material Properties (continued)

DESCRIPTION: Material physical properties as described in figure A-13.

FORMAT AND EXAMPLE:*

W%

o--23 78 '.•..., .

FIELD FORW'AT CONTENTS FOR BEAM ELEMENT
E(IO) EIO.4 None.
E(9) E1O.4 None.

E(11) EIO.4 Second yield stress, sy 2 (lb/in. 2 ).

E(12) E1O.4 Second plastic modulus (lb/in. 2 ).

E(13) E10.4 Strain-rate coefficient = 0, no strain-rate effect
considered.

E(14) E1O.4 Strain-rate exponent 0 0, no strain-rate effect con-
sidered.

E(15) E1O.4 Explicit moment curvature flag 1, use explicit moment
curvature option 0plate , ignored explicit moment
curvature option (plate

E(16) E10.4 None.

*Example for thefirst of two groups determined by NUMMAT 2 on line 43.
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LINE 48: Beam Cross-Section Data (only if NSECT > 0 on line 43)

DESCRIPTION: Beam element cross-sectional properties as described in figure A-14. _,_

Repeat group 48 and 49 NSECT times, as specified on line 43, one
sequence for each cross section.

FORMAT AND EXAMPLE:

• 1 2 13 4 5 6 7 a

12345678901284567890A2$456789Oj123456781 1 28457•.0 0.1234 5678890-568 12345670-.

NSBG KLOO ADM F jX FIYY FIZZ

8 0 0 43 0.3 02 8 0 1 5 1 0,1 51 4-I l l l Il l l l I I II I I I I L I l I1 I I I I I I I I I II1l l1l ll1 1[1l l1l ll1 l1 1 1 1 J

F IELD FORMAT CON'ENTS

NSEG 15 Number of plate segments in beam cross section.

KLOS 15 Flag for closed-wall sections.
= U; closed wall
= 1; open wall. ...

ABM E10.4 Cross-section area.

FIXX 3E10.4 Cross-section moments of inertia about x, y, and z
FIYY principal axes, respectively. The cross section for
FIZZ each beam element is oriented by specification of a ,-

pointer node in the element data on line 51.

K~xamnple for the first of two groups, determined by NSECT 2 on line 43.
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Line 48A: Beam Cross-Section Data (only if NSECT >0 on line 43)

Description: beam element cross-sectional properties as described in fig-
ure A-14.

Format and Example

0 2 :1 4.- fi 0

1234DU789012345G789O12l4567OO123465o7B9Ol2345678OU02234600I8012346(3789012345U7890
- Y N - ZN V IOG z oG -------

0 .0 0 .0 0.)0. A. .L ~
L__LL ._ LJ._LLLLJLLI L.L LLLIU -I i_1 L.LI. 11 LJ.1._.L..LL /.L .- .I- .. L. -11 1.1 I .1_ 1 Id . 1 - -- L

Field Format Contents

"YN 2FI0.0 Y and Z coordinates of thie beam end node point.
ZN (see figure A-14a).

YCG 2F1O.O Y and Z coordinates of the cross-section centroid

ZCG (see figure A-14a).

*Example for the first of two-groups, determined by NSECT 2 on line 43.
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Figure A-14. Beam element coordinate system and cross-section geometry.
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LINE 49: Beam Cross-Section Data (only if NSECT > 0 on Line 43)

DESCRIPTION: Beam element cross-sectional properties as described in fig-
ure A-14.

NOTES: (1) Repeat line 49 NSEG + KLOS times, following line 48.
(2) Repeat the sequence of lines 48 and 49 NSECT times, as defined on

line 40.

FORMAT AND EXAMPLE:*

01 2 3 4 6 7 8

112346678901234567890 123456789012346678901234567890 J23456789012346678901234567890

.0 .834 MAP
6_L LLLLLLLL. 1 11- 111 1111 1 I I I L L I I I I I L I 111 I I II I I I I I | I J

FIELD FORMAT CONTENTS

Y(I) E1O.0 Cross-section coordinates of point at
Z(I) E1O.0 beginning of segment I (in.). (See

figure A-14a.)

T(I) E1O.O Segment thickness for segment between
points I and I + 1 (in.).

•*Example for the firsto eight lines based on NSEG = 8 and KLOS = 0 on line 48.
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LINE 50: Nodal Point Data

DESCRIPTION: Finite element node number and nodal coordinates in global system. '

NOTES: Repeat line 50 NNODE + NCOORD times.

FORMAT AND EXAMPLE:*

0 1 22 3 4 5 a' 7

123456 7890 1234 67890 1234567890 123456 7 890 1234567890 123456 789 0i12 34 6ni6 0 4 8 8 0

K,...L.L.L W J IA . ...... L.L LL,,, L II/ILLLLLL-L

FIELD FORMAT CONTENTS

N 15 Node number. '"U@.
5X

XC(N) E10.4 X
YC(N) E1O.4 Y coordinates of node point (in.).
ZC N E1O.4 Z

*Example for the first of 22 lines, based on NNODE 20 and NCOORD 2 2 on line 43.

144 i .' .'
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LINE 51: Element Data

DESCRIPTION: Individual element property descriptions.

NOTE: Repeat line 51 NELE times.

FORMAT AND EXAMPLE:*

0 1 2 a 4 5 8 78

51234567890123456798911464567981234567890122445678901224--7989°1125678901.14 ,

NODECI) "001 (l ) "0 OE(4) NODH ()) 2NO1(f, N0041M- E MO M I() N 00(51 .) N ( -.5 2 6 2 21 2 11000 10 00 O 01I uI I I I 11 1Ul U I U l ilt I 1 1

FIELD FORMAT CONTENTS FOR BEAM ELEMENT

M 15 Element number.

NODE(1) 215 End nodes.
NODE(2)

NODE(3) 215 Not used.
NODE(4)

NUDE(5) 110 Stiffness flag
= 0 Use plastic beam stiffness
1 1 Use elastic beam stiffness

NUDE(6) 15 Cross-section type. The first set of lines 48 and 49
is assumed to be cross-section type no. 1; the second,
no. 2, etc.

NODE(7) 15 Pointer node for orientation of initial principal
beam axis Y. "

NODE(8) 15 Beam element= 2

NODE(9) 15 Material type (assumes 1 if left blank).

NODE(IO) 15 Beam-end conditions (forces), at end i, figure A-14(b)
ABC (packed word, right justified)
A = Force release in x-direction, if 1.
B = Force release in y-direction, if 1.
C = Force release in z-direction, if 1.

NODE(11) 15 Beam-end conditions (momernts), at end i, figure A-14(b).
DEF (packed word, right justified)
D = Moment release in x-direction, if 1.
E =Moment release in y-direction, if 1.F = Moment release in z-direction, if 1.

*Example for the fifth of 27 lines, based on NELE 27 on line 43.

A-77 •
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FIELD FOHIMAT CONTENTS FOR BEAM ELEMENT

NODE(12) I5 Beam-end conditions (forces), at end j, figure A-14(b)
OPQ (packed word, right justified)
0 = Force release in x-direction, if 1.
P Force release in y-direction, if 1.
Q = Force release in z-direction, if 1.

NODE(13) 15 Beam-end conditions (moments), at end j, figure A-14(b).
RST (packed word, right justified)
R = Moment release in x-direction, if 1.
S = Moment release in y-direction, if 1.
T = Moment release in z-directi.n, if 1.

N

SW
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LINE 52: Seat Pan Nodes

DESCRIPTION: Nodes on which seat cushion loads will be applied, and which are
used to define the seat pan outline for the occupant plots.

FORMAT AND EXAMPLE:

0 1 2 3 6 7 8

12345678901234567890123456789012345678901234567890123456789•128456789O1234567890

N A NPAN 4) NA() N PA NPAN(s) NN NPAN(l 1)NPAN(a)

5 6 13 14 6 74 1 l 1 6
I I l l I I l l l I I l 1 1 l l I I I l 1 1 1 1 1 1 11 I1 1 1 1 1 I1 .1 l l l l l l1 1 l 1 .

JJJJ1WW 10 16N

FIELD FORMAT CONTENTS

NPAN 1215 Nodes on which seat cushion loads are to be applied,
input on rear edge first, then forward edge, and from
right to left, as shown in figure A-15.

Note that in this example node 6 is used as NPAN(2) and NPAN(5), node 14 as

NPAN(4) and NPAN(7), node 7 as NPAN(6) and NPAN(9), and node 15 as NPAN(8)
and NPAN(11), I

i 'i
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belt node identification..,
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LINE 53: Seat Back Nodes

DESCRIPTION: Nodes on which back cushion loads are to be applied, and which are
used to define the seat back outline for the occupant plots.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

1234567890123466789012346678901234667890123456789012 0 6678901

NIAKMII NBAKM2 NBAK#1 NDAKW4 HOAK NVAK(G) NVAK(7) INSAKIS) NUAK(9) NBAKCIO) NBAK(II) NEAKCiZ)

5 1 7 19 /8 1 20I i I I I I I I I I lI 1 I I I 1 I I I I 1 1 I I n i I i I .LJJ_ JL I IJT JII I 1- - I I2, I L].J._ ._L L JI.[t 1J_ 1

FIELD FOP, MAT CONTENTS
NBAK 1215 Nodes on which back cushion loads are to be applied,

input on lower edge first, then top, and from right to

left, as shown in figure A-15.

Note that in this example node 6 is used as NBAK(2) and NBAK(5), node 7 as NBAK(6)
and NBAK(9), etc.
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%
LINE 54: Restraint System Anchor Point Nodes ,s

DESCRIPTION:_ Nodal points on seat structure to which restraint system is
attached as shown in figure A-15.

FORMAT AND EXAMPLE:

0 12 3 4 5 0 71a

1234567890 1234567890 1234676890 1234567890 1234567890 1.,34 M5890 1 1..234167899

NLSAt) NMLIA(2) ENlT[LA(4) NLRA(62 NULIA(B) NGHA(M) NIIHA(2) NSHA( NSMA N HA)

9 10 10 1 1 1 1 12
I 1 I 1 • I I I I I I I I 1 I 1 I L1t Il 1 1 I I I I I I I I I I I I I I I I 1I 1 I 1 I I I i l t, I

FILLD) FOfMAT CONTENTS

NLBA 6. Seat structure nodes at which lap belt is attached,
right side first, then left, as shown in figure A-15.
Not used if lap belt is attached to aircraft floor.

NSHA 615 Seat structure nodes at which shoulder harness load is
to be applied (one node), or distributed (two nodes).
Leave blank if shoulder harness is not used or not
attached to seat.

Note that for this example node 10 is used as both NLBA(2) and NLBA(3), and node ".0"
II is used as both NLBA(4) and NLBA(5), as common points of attachment for lap-
belts usually found transport seats. Also, in this example no shoulder harness
is used.

V.
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LINE 55: Node Constraint Data i%

.T' DESCRIPTION: Packed (encoded) word for each nodal point that is constrained in
at least one degree of freedom.

NOTE: (1) Repeat line 55 IJUMDIS times. Omit if NU14DIS = 0.
(2) If any of the displacement/rotation codes is set to 2 to enforce floor

warping, include line 55A immediately following the corresponding
line 55 data. N

FORMAT AND EXAMPLE:* A

0 1 2 3 4 78"

123456789012345678901123467890 123456781012346618901) 234 567890 1234567820123466789

1 1200 1 ... .. . . . . j . . ... . . . . ...... L .
-1I I I I I I I L__ _ I _ I _I I I.. I I I I I I I I I I I I I I I 1

FIELD FORMAT CONTENTS

NODDIS 110 Packed word - NABCDEF (right justi-
fied)

N = Node number
A = Di spl acement code in X direction
B Displacement code in Y direction
C = Displacement code in Z direction
D = Rotation code in X direction
E = Rotation code in Y direction
F = Rotation code in Z direction

A, B, C, D, E, or F = 0, no constraint
= 1, constrained for zero dis-

pl acement/rotation
= 2, constrained for floor warp

- di spl acement/rotation.

*Examplefor the second of five lines, based on NUMUIS 4 on line 43, and
displacement/rotation codes set to 2 on line 55.

A8
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LINE 55A: Floor Warp Data

DESCRIPTION: Floor warp displacement/rotation.

NOTE: (1) Repeat line 55A for each displacement/rotation code set to 2 in.
line 55, in the order from displacement in x-direction to rotation
in z-airection.

(2) rotations are iriput in radians.

FORMAT AND EXAMPLE:*

1 34 5878

12346678901234567890123456789012345678901234567890123456789012345678901234567890
FWAAtPI- __L I .I ' 1 1 .1 1__ I I

I ELL) FORMAT CONTENTS

FWARP E10.4 Floor warp displacement/rotation.

a*Emample for the third of five lines based on NUMDIS 4 on line 43 and dis-
placement/rotation codes set to 2 o~i line 55.

A,-
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APPENDIX B3

EXAMPLES OF OCCUPANT CHARACTERISTICS AND MATERIAL PROPERTIES

A significant problem encountered in mathematically modeling a physical system
lies in determination of system characteristics and properties. In this appendix
are presented examples of the following:

s Occupant dimensions and characteristics.

* Restraint system webbing load-elongation characteristics.

* Cushion load-deflection characteristics.

@ Structural material stress-strain characteristics.

The characteristics and properties contained in this appendix are, of course,
not intended to be all inclusive, but rather are intended to provide the SOM-LA
program user with examples that may aid in setting up new input cases.

B.1 OCCUPANT MODELING CHARACTERISTICS

X• As described in chapter 2, dimensions and inertial properties for two standard
occupants, a 50th-percentile civilian male and a 50th-percentile anthropomorphic
(Part 572) dummy, are included within the program. If a nonstandard occupant
is desired, additional data must be provided on lines 39A through 39L. The
format for nonstandard occupant data is displayed in figure B-I, and parameters
are defined on pages A-37 through A-52. In figure [B-2 are presented the proper-
ties that are used in the program for the standard (Part 572 50th-percentile)
dummy occupant. Figure B-3 presents a set of data for a 95th-percentile dummy,
which have simply been scaled from the 50th-percentile data. The use of this
scaling method is not suggested if measured properties can be obtained; however,
to complete a partial set of properties or obtain a quick estimate of the solu-
tion, use of the scaling approach can be justified.

The scaling method is based on multiplying the 50th-percentile properties by
the appropriate nondimensional scaling factor. All properties with length di-
mensions are multiplied by the ratio of nonstandard occupant sitting height to
50th-percentile sitting height. In this example:

Length Factor 95th % Sitting Height 37.8 in. 1.06
t th % SittTng Height .-I n .06 ..

Similarly, occupant properties based on weight are scaled by the occupant weight
ratio, i.e.:

Weight Factor 95th % iht 212 lb . 1.29
50h%Weig~ht 6

The factor for scaling moments of inertia was derived from a dimensional analysis 0'.j
for the variables involved. The resulting scaling factor is: %

Moment of (95th % Weight) (95th % Sitting Height) 2 
=14

Inertia Factor (50Lh % Weight) (50th % Sitting Height) 2

"B-1



Since there is no valid basis for scaling stiffnesses, the 50th-percentile spine

and neck stiffness properties were retained.

B.2 WEBIBING LOAD-ELONGATION CHARACTERISTICS

Figures B-4 and B-5 present static load-elongation characteristics for several
types of nylon and polyester restraint system webbing, respectively. Very little
dynamic data for webbing deformation exist; however, figures B-6 and B-7 present
some dynamic results taken from reference B.1.

The damping coefficients for the restraint components are based on three assump-
tions: that the webbing damping coefficient is not a function of strain condi-
tion, that it is independent of strain rate, and that the Voigt-Kelvin model
(shown in figure B-8) can be used to represent the webbing.

The first assumption allows the use of a linear approximation to the static bk•

and dynamic load-strain curves for the webbing material. The single slope
approximation should be the best estimate for the expected range of webbing I

loads, and not for the entire curve. The second assumption indicates that the 6

damping coefficient will be applicable to all possible strain rates encountered
in the simulation. The accuracy of the damping coefficient can be maximized
by basing the calculated value on dynamic webbing test data measured at an appli-
cable strain rate. The procedure for calculating the damping coefficient for
nylon webbing (MIL-W-4088 TYPE VII) is given below.

The static load/elongation curve for the nylon webbing sample is shown in figure
B-9. A linear approximation to this curve is 11,000 lb/in./in. over the expected jr.
load range of 0 to 2000 lb. The slope of the dynamic test data, measured at a
strain rate of 40.9 in./in./sec, is approximated as 26,000 lb/in./in. Based
on the assumption of a parallel spring-damper model, the dynamic load at any
elongation value must be equal to the static load plus the damper force, i.e.

PDYNAMIC - PSTATIC + PDAMPING N .

KE + C (B-I) ,,

Where:

K is slope of the load/strain curve (lb/in./in.)
C is the damping coeFficient (lb-sec/in./in.)
C is the strain (in./in.)
Sis the strain rate (in./in./sec)

Therefore, the damping coefficient can be calculated using

C DYNAMIC - KE, (B-2)

Using as representative point a dynamic load of 2000 11) and 0.0825 in./in. strain,,',.
the damping coefficient for the nylon webbing is calculated as

%..
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C 2000. lb - (11,00 lb/inj in. ýL0825 in./in
"40.9 i n,/in./ sec

S26 1 lb - sec_• :26.7 1i n-,)r.7 rI

"- B.3 CUSHION LOAD-DEFLECTION-CHARACTERISTICS

The seat cushion represented in Program SOM-TA accounts for the stiffness and
damping properties of the cushion combined with the occupant buttocks. This
modeling approach is desirable in order to avoid the numerical problems asso-
ciated with springs in a series configuration. An experiment was performed to
develop load deflection properties for representative cushions. The experiment
consisted of applying a known static load in the downward direction to the lower
"torso segment of an Alderson VIP-95 duIiimy. This downward load, which was applied
at the spine base plate, caused both the buttocks aid cushion to defonlr. The

S atdeflections of the combined system, buLtocks and cushion, and the buttocks separ-
ately were measured for each applied load.

A description of the cushions used in load-deflection tests is given in table Bi.
The cushions were selected to provide a spectrum of the possible cushion con-
figurations that the user iilay select. Combined load-deflection curves for the
VIP-95 buttocks and cushions are presented in figures B-10 through B-14. The
form that the load-deflection curves take is a linear slope followed by an ex-
ponential stiffening as the cushion and occupant "bottom out." These curves
can be approximated by an expression of the form:

F C(e -1) ([B-3)

Representing the load-deflection curves with a smooth function alleviates a
convergence problem encountered previously with the numerical integration around INA

the slope-change points of a piecewise, linear representation. The exponential
representation of the five load-deflection curves, developed with a least-squares
approximati•:, routine, is presented as the dashed line in each figure. Also
presented in this section are the separate load-deflection curves (figure B-15)
for the Alderson VIIP-95 dummiy buttocks when tested with each of the five cushion -.

- types. This is presented for the user who may want to synthesize a combined
load-deflection curve by adding the desired cushion properties determined under
a rigid indenter to an average deflection curve for Lhe dummy buttocks. The
indenter should be configured like the dummny.

"B.4 STRUCTURAL MATERIAL STRESS-STRAIN CURVES

Figures B-16 through B-20 present approximated stress-strain curves for three
steels and two aluminum alloys. From each of these curves, six characteristics
are provided as input to the finite elemlent seat model.

-.. ,
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TABLE B-i. TYPE DESIGNATION AND DESCRIPTION OF CUSHIONS FOR
LOAD-DEFLECTION CURVES

Type
Number Description

I Contoured, multilayered cushion designed to minimize occupant re-
bound in crash situation.

"2 Contoured, rigid foam cushion designed for negligible deflection.

- 3 Contoured furniture foam cushion approximately 1.5 in. thick (unde-
formed) over buttock contact area.

4 FurniturE foam slab, 1.2 lb/ft 3 density, approximately 3.0 in, thick
(u nde formed).

5 Furniture foam slab, 1.4 lb/ft 3 density, approximately 3.0 in.
- thick (undefornmed).

8.5 REFERENCES

8.1. Kourouklis, G., Glancy, J. L., and Desjardins, S. P., The Design, Develop- .
"ment, and Testing of an Aircraft Restraint System for Army -Aircraft, Dynamic ,
Scilence, Division of Ultrasystems, Inc.; USAAMRDL Technical Report 72-26,
Eustis Directorate, U.S. Army Air Mobility Research and Development Lab-
oratory, Fort Eustis, Virginia, June 1971, AD 746631.
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Figure B--. Nonstandard occupant data format.
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Approximate Material Properties

Modulus of elasticity, E(2) = 30 x 106 psi

First yield stress, E(3) = 58,700 psi

First plastic modulus, E(4) = 2.9 x 105 psi
tUltimate stress, E(6) = 67,000 psi

Second yield stress, E(11) = 62,500 psi
Second plastic modulus, E(12) = 75,000 psi
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"501

S 3O 40

30 4

20 t

lo L

10
0- I I I I I -- •.

0 1 2 3 4 5 6 7 8

Strain - percent

Figure 3-16. Piecewise, linear approxi-Mation of stress-
strain curve for 1010 cold-drawn steel.
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Approximated Material Properties

Modulus of elasticity, E(2) = 29.1 X 10 6 psi
First yield stress, E(3) = 160,000 psi

First plastic modulus, E(4) = 7.8 X1 s
Ultimate stress, E(6) = 180,000 psi

Second plastic modul~us, E(12) 8.8 X 10u5 psi

U2100
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lineroxiatioxltln tocr.

Failure
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Approximated Material Properties

Modulus oa elasticity, E(2) = 10.5 X 106 psi

First yield stress, E(3) = 44,000 psi
5First plastic modulus, E(4) = 4.9 X 10 psi

Ultimate stress, E(6) = 62,000 psi

Second yield stress, E(l1) = 58,000 psi

Second plastic modulus, E(12) = 6.2 X 10 psi

80 1 I I I

60 - -

0.".

ar
ma

40 -4

20
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* Failure

0 2 4 6 8 10 12

Strain - percent

Figure 1B-19. Typical tensile stress-strain curve for
2024-T4 aluminum alloy and piecewise,
linear approximation to curve.
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Approximated Material Properties

Modulus of elasticity, E(2) = 9.9 x 10o6 psi

First yield stress, E(3) =36,200 psi

First plastic modulus, E(4) = 1.1 X 10 5 psi

Ultimate stress, E(6) = 42,000 psi

Second yield stress, E(11) = 40,200 psi

Second plastic modulus, E(12) =3.0 X 10O4 psi

450

40 K4

S30

U)

20

10
-Actual

- -Approximation

*Failure
j I I 1 1

0 2 4 6 8 10 1

Strain -percent

Figure U-20. Typical tensile stress-strain curve for
6061-T6 aluminum, alloy and piecewise,
linear approx~matlon to curve.
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TRANSPORT AIRCRAFT SEAT

INPUT DATA

A 2-DIIENSIONAL SINLILATION OF A 3-PASSENGER SEAT WITH 3 OCCUPANTS

SINULATION CONTROL DATA

TI,0000000o TF =0,176000, DTI :0,000500v DMAX eO,000500, DMIN =0,000500
EUR 0,100000, ELR =0,001000

ACCELERATION FILTER CLASSES

HEm CHEST PELVIS SEAT

1000 180 180 180

FORCE-DEFLECTION CHARACIERISTICS

SEAT CLSHION BACK CUSHION HEAD REST
C B C B C B

760.000 0.500 7604000 0,500 7604000 0,500

F2 02 F3 D3 F4 D4
LAP BELT

550.00 0,04030 1300.00 0,10480 2250,00 0,16130

XLB(1) YLB(1) ZLB(1) XLB(2) YLB(2) ZLB(2)
"12,.500 -30,000 15,000 12,500 -100000 15,000
12,500 -10,000 15,000 12o500 10.000 15.000
12,500 10,000 15.OO 12,500 30000 15,000

DAMIPING COEFFICIENT THICKNESS/SLACK

SEAT CUSHION
2640000 1.500001

ma CUSHION
2.40000 1,50000

SHEAD RESIT
HE Er 2,40000 3,00000

LAP BELT
0.00000 0.00000

C-I

"_______ I________ I___ -I _____I~



CRASH CONDITIONS

X Y Z PITCH ROLL YAW
0,00000 0,00000 0,00000 0,00000 O00000 0,00000

VX VY QZ AGVX ANOVY A,..,
30,00000 0,00000 0.00000 0.00000 0.00000 0,00000

TX AX TY AY TZ AZ
0,00000 0,00000 0.00000 0.00000 0.00000 0.00000
0,01000 -6,00000 0,00000 0.00000 0.00000 0.000000,00 m":

0.15500 -6,00000 0,00000 0,00000 0,00000 0,00000
0,16500 0o0000 0,00000 0.00000 000000 0 0 oooooo0
O.17500 0,00000 0,00000 0,00000 0600000 0.00000
0.00000 0.00000 0.00000 0,00000 0.00000 0,00000
0,00000 0,00000 0,00000 0,00000 0.00000 0.00000
0.00000 0.00000 0,00000 0.00000 0.00000 000000
0.00000 0.00000 0.00000 0,00000 0.00000 0.00000
0,00000 000000 0.00000 0,00000 0,00000 0,00000
0.00000 0.00000 0.00000 0.00000 0,00000 0.00000
0,00000 0,00000 0,00000 0,00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0,00000 0,00000
0.00000 0,00000 0,00000 0,00000 0,00000 0,00000 .
0,00000 0,00000 0.00000 0.00000 0.00000 0.00000 , .-
0,00000 0,00000 0,00000 0,00000 0.00000 0,00000

TX ALFX TY ALPY TZ ALFZ
0.00000 0.00000 0.00000 0,00000 0.00000 0.00000

*0.00000 0400000 0,00000 0000000 0.00000 0.00000
0.00000 0,00000 0.00000 0.00000 0.00000 0,00000 * **

0,00000 0,00000 0.00000 0.00000 0.00000 0100000
0,00000 0.00000 0,00000 0.00000 0100000 0.00000
0100000 0.00000 0.00000 0.00000 0.00000 0.00000
0,00000 0,00000 0,00000 0,00000 0.00000 0,00000
0.00000 0,00000 0,00000 0.00000 0.00000 0,00000
0.00000 0.00000 00000 0.00000 0.00000 0.00000* .

0.00000 0.00000 0.00000 0,00000 0,00000 0.00000
0.00000 0,00000 0,00000 0,00000 0.00000 0.00000
0,00000 0.00000 0.00000 0,00000 0.00000 0.00000
0.00000 0.00000 0.0000 0.00000 0,00000 0.00000
0.00000 0.00000 0,00000 0,00000 0.00000 0,000000
0.00000 0.00000 0.00000 0.00000 0.00000 0,00000
0000000 0,00000 0.00000 0.00000 0.00000 0.00000

-U-

0,00)00 ,0000 0,0000 0,0000 OO000 0,00004...



OCCUPANT PROPERTIES---.PASSENGER NO. 1

STATURE= 69.10 IKHES, WEIOHT= 164,00 POUNDS

OEWNTT LENGTH RHO MASS IX ly IZ
1 100793 4,670 0,089545 2.320000 0.760000 21320000
2 11,560 6,550 0.093160 2.180000 0.926000 1.700000
3 8.350 6,330 01026139 0.275000 0.266000 0.233000
4 11.300 4.720 0.012552 0,132000 0#135000 0,022000
5 13.300 6,260 0.012552 0.017000 0,185000 0,195000
6 11.300 4,720 0,012552 0,132000 0,135000 04022000
7 13.300 6.260 0.012552 0.017000 0.185000 0.195000
a 16,500 8,350 0.056159 0,127000 1.220000 0,873000
9 18.000 114000 0.024560 0,927000 0.994000 0,505000

910 16*500 8,350 0056159 0,127000 1,220000 0,873000
it 18,400 11,000 0,024560 0,927000 0.994000 0,505000

S12 4,880 21440 0.005124 0.017700
S~CONTACT SURFACE RADII

SEGMENT RADIUS

"2 4,50
13 3,44
14 1950

16 3195

17 Ile6

18 3.10
9 2,30

10 3,10
11 2,30
12 2.30
13 2.30
14 0 100 0 0
NE 1.60 10
16 3#56 •
17 3,56
IB 2,61

19 2,61 i,.

" ~20 los,,s
21 1.8"i ..
22 2.34 •i

2 '21-34

SPINAL PROPERTIES

COEFFICIENT C EXP COEFF B DAMPING

LW SPINE -AXIAL 6000,000 0,238 1,000
LUKAR SPINE - FLEXURAL 3751000 1,490 150,000NECK- AXIAL 3240,000 0,270 1,000

,..NECK- FLEXURAL 375,000 1,490 ;30,000

C-3t•..
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OCCUPANT PROPERTIES---PASSENGER NO, 2

STATURE= 69,10 INCHES. NEIGHT= 164,00 POUNDS

BGNENT LENGTH RHO MASS IX IY IZ
1 100793 4,670 0.089545 2,320000 0,760000 2.320000
2 11#560 6.550 0,093168 2,180000 0,926000 1.700000
3 8,330 6,330 0,026139 01275000 04266000 o0233000
4 11.300 4.720 0,012552 0,132000 0,135000 0.022000
5 13.300 6,260 0.012552 0,017000 0,185000 0,195200
6 11.300 W,20 0.012552 0.132000 0,135000 0,022000
7 13,300 6,260 0,012552 0,017000 0,105000 0,195000
a 16,500 8,350 0,056159 0,127000 01220000 0,873000
? 168000 11400 0024560 0,927000 0,994000 0750500

10 16,500 8,350 0,056159 0,127000 1,220000 0,873000
11 18,000 11,000 0,024560 00927000 0,994000 0,505000
12 4,880 2,440 0,005124 0,017700

CONTACT SURFACE RADII

SSEGMENT RADIUS

1 4,50
2 4.50
3 3,44

,195
5 1.85

61.951.85 2

8 3.10
9 2,30

10 3,10
11 2,30
12 2,30
13 2,30

15 1.60

16 3.56
17 3.56
18 2&61
19 2,61
20 1.85
21 1.85
22 2,34
23 2.34

SPINAL PROPERTIES

COEFFICIENT C EXP COEFF B DAMPING

LUMBAR SPINE - AXIAL 6000,000 0,238 1.000
LUMBAR SPINE - FLEXURAL 375,000 1,490 150,000
NECK - AXIAL 3240.000 0,270 1.000
NECK - FLEXURAL 375,000 1,490 30,000

C-4



OCCUPANT PROPERTIES--- PASSENGER NO, 3

"STATURE- 69,10 INCHESP WEIGHT- 164,00 POUNDS

SEMNENT LENGTH RHO MASS IX IY Z1
1 10,793 4,670 0,089545 2,320000 0,760000 2,320000
2 11,560 6,550 0.093168 2,180000 0,926000 1,700000
3 0,350 6,330 0,026139 0,275000 0,266000 0,233000
4 11,300 4,720 0,012552 0.132000 0,135000 0,022000
5 13,30 6,260 0,012552 0,017000 04185000 0,195000

S6 11,300 4,720 0,012552 0,132000 0,135000 0,022000
7 13,300 6,260 0,0125S2 0,017000 0,185000 0,195000 rJ' "
"8 16,500 8,350 0,056159 0.127000 1,220000 0487300',:
9 18,000 11,000 0,024560 0,927000 0,994000 0,505000

10 16,500 8,350 0,056159 0,127000 1.220000 0.873000
11 19,000 11,000 0,024560 0.927000 0,994000 0,505000
12 4,880 2,440 0,005124 0o01,700

CONTACT SURFACE RADII

SEGMENT RADIuSl
1 4,50
2 4150
3 3,44
4 1,95
5 1,85

7 1,ls -
8 ~3410 '

9 2,30
10 3,10
II 2,30 0A
12 2.30
13 2,30
14 11,0
15 1.60
16 3.36
17 3,56
18 2,61
19 2,61
20 1.85
"21 1.85

2,34
23 2,34

SPINAL PROPERTIES

COEFFICIENT C EXP COEFF b DAMPING

LUMBR SPINE - AXIAL 6000.000 0.238 1.000
LUNBAR SPINE - FLEXURAL 375,000 1,490 150,000
NECK - AXIAL 3240,000 0,270 1,000
NECK - FLEXURAL 375,000 1.490 30,000
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SEAT DESION DATA

XSEATh 10#0000 ZSEAT* 12,0000 ANBOSP BO000 AWNB 16,0000
XL r 15,1500 XU a 20,0000 SBHT : 39,0000 SW it 20.0000

NBR OF NODES 20
NUMBER OF ELEMENTS 27
NUMBER OF MATERiALS 2
NO, OF DISP, NODES 4 e.
NO, OF COURD NODES 2
NO, OF DEAN YqECT 2
DUCKLING CONSTANT 0.•0

MATERIAL DATA

MATERIAL NAME 2024-T4 AL
MATERIAL NO0
FIRST YIELD STRES, 0,44000E+05
SECOND YIELD STRESS 0,58000E+05
ULTIMATE STRESS 0,62000E+05
NODULUS OF ELASTICITY 0,10500E+08
FIRST PLASTIC MODULUS 0,49000E+06
SECOND PLASTIC MODULUS 0,62000E+05
POISSONS RATIO (PLATES ONLY) 0,30000E+00
THICKNESS (PLATES ONLY) 0,10000E400

MATERIAL NAME 4130 STEEL
MATERIAL NO 2
FIRST YIELD STRESS 0i16300E406
SECOND YIELD STRESS 0,17400E+06
ULTIMTE STRESS O.18000E+06
MODULUS OF ELASTICITY 0,29000E+08
FIRST PLASTIC MODULUS 0,60000E+07
SECOND PLASTIC MODULUS 0,81000E+05
POISSONS RATIO (PLATES ONLY) 0430000E+00
THICKNESS (PLATES ONLY) OIOOOOE+0O 1

C -6



BEAM CROSS-SECTION DATA

N NSEG KLOS AREA FIXX FIYY FIZZ
I a 0 0,43470E+00 0.30280E+00 0o15140E+00 0*15140Ef00

YN ZN YCO ZCG
0,00000E+00 OOOOOOE+0O 0,00000E+O00.OOOOOE+0O

I Y Z T
I 0,OOE+O0 0,83E+00 0,83E-01
2 -0,59E000 0,59E+00 O,83E-0 1,I
3 -0,83E00 %0OOE+00 0,811'01
4 -0,59E+00 -0,59E+00 O,8:eE..O
5 0,OOE+O0 -083E+00 0,8E-,0.
6 0,59E+00 -0,59E+00 0.83E-01
7 0,83EX00 O,OOE+O0 0.83E-01
8 0,59E+00 0,59E+O00 ,03E-01

N NSEG KLOS AREA FIXX FIYY FIZZ
2 4 0 0.308I0E400 0,10820E400 0,72300E-01 0,72300E-01

YN ZN YCO ZCc
0,OOOOOE400 0000E+O,00 0.00000E+00 0,000OE0O0

I Y Z T
I -0,59E+O0 0,59E+00 0,65E-01
2 -O,59E+00 -0,59E+00 0,65E-01
3 0.59E+00 -0.57E+00 0,65E-0i
4 0,59E+00 0,59E+00 0,65E-01

MODENO0.X Z
1 8100000 -10,00000 0.00000
2 25,00000 -10,00000 0.00000(
3 8,00000 10,00000 0,00000
4 25,00000 10,00000 0,00000
5 10,00000 -30,00000 12,00000
6 10.00000 -10.00000 12.00000 ~:
7 10,00000 10,00000 12.00000 r
8 10,00000 30,00000 12,00000
9 12,50000 -30,00000 12,33000

10 12,50000 -10,00000 12.3:300 •.4
11 12,50000 10,00000 12,33000
12 12650000 30400000 12,33000
13 25,00000 -30,00000 14.10800
14 25.00000 -10,00000 14,10800
15 25,00000 10,00000 14,10800 1%
16 25.00000 30,00000 14,10800
17 2,25800 -30.00000 39,00000
18 2,25800 -10,00000 39.00000
19 2,25800 10.00000 39,00000
20 2,25800 30,00000 39,00000
21 10.00000 -40,00000 12,00000
22 25,00000 -40,00000 14,00000
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ELEMENT NO, NI N2 N3 N4 NS N6 N7 NO HTYP
1 1 6 1 i 0 2 21 2 2 0 0 0 0
2 3 7 3 7 0 2 21 2 2 0 0 0 0
3 2 14 2 14 0 2 22 2 2 0 0 00
4 4 15 4 15 0 2 22 2 2 0 0 0 0
5 2 6 2 6 0 2 21 2 2 0 1 0 0 10
6 4 7 4 7 0 2 21 2 2 0 10 0 10
7 5 6 5 6 0 1 22 2 1 0 0 0 0
a 6 7 6 7 0 1 22 2 1 0 0 0 0
9 7 8 7 8 0 1 22 2 1 0 0 0 0

10 13 14 13 14 0 1 21 2 1 0 0 0 0
11 14 15 14 15 0 1 21 2 1 0 0 0
12 15 16 15 16 0 1 21 2 1 0 0 0 0
13 5 9 5 9 0 2 21 2 1 0 0 0 0
14 6 10 6 10 0 2 21 2 1 0 0 0 0
15 7 11 7 11 0 2 21 2 1 0 0 0 0
16 8 12 8 12 0 2 21 2 1 0 0 0 0
17 9 13 9 13 0 2 21 2 1 0 0 0 0
19 10 14 10 14 0 2 21 2 1 0 0 0 0
19 11 1 115 5 0 2 21 2 1 0 0 0 0
20 12 16 12 16 0 2 21 2 1 0 0 0 0
21 5 17 5 17 0 2 21 2 1 0 0 0 0
22 6 18 6 18 0 2 21 2 1 0 0 0 0
23 7 19 7 19 0 2 21 2 1 0 0 0 0
24 8 20 8 20 0 2 21 2 1 0 0 0 0
25 17 19 17 18 0 2 21 2 1 0 0 0 0
26 18 19 18 19 0 2 21 2 1 0 0 0 0
27 19 20 19 20 0 2 21 2 1 0 0 0 0

BEATPAN MODES 5 6 13 14 6 7 14 15 7 6 15 16

SEAT BACK NODES 5 6 17 18 6 7 18 19 7 8 19 20

LAP BELT ANCHOR NODES = 9 10 10 11 11 12

DISPLACEMENT NODES

NODE CONDITIONV1 1 I 11001 •

2 2 112001 2_--
-0.5000

3 3 111001
4 4 111001

STRESS AND BAR STORAGE LSTRS 1056 LBAR 64-

HUD 77 SIZE OF STIFF 6357 '4K
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Alt.

INITIAL CONDITIONS---PA9SENBER NO# I

SEOHENT ANOLE
1
2 -14776

4 -16,000 -

5 60,000
6 -16,000
7 60,000

10 -5,424 •
"'• I -I, 959

GENERALIZED COORDINATES---PASSENGER NO. i

J 0(J) 00() ODD(j)
I 0,13768D+02 0,36000D+03 0,0000+D00
2 0M225451+02 040000+00 0000000D 00
3 -0,2S7890+00 0OO0000+00 0.000001+00
i M ,085011+02 0#0000011+00 0.000000+0
5 -0,25789D+00 0.00000400 0,00000400
6 0,63300+01 0.000000+00 0000000D+00
7 O.1435310+00 0,000000400 0000000400
8 -0,27925D+00 0,00000D+00 0,000000+00
9 0,24435D+00 0,00000+00 0.00000400

10 -0i,4670D-01 0,000001000 O,O00E00[OD
11 -0,341806D-01 0,O00000+00 0,000000+00
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INITIAL CONfDITIONS---PPASSENGER NO. 2

SEGMENT ANGLE
2 -15,155
2 -15,155

3 7,845
4 -16,000

5 60,0006 -16,000
7 60,000

-4,624
9 -2,893

10 -4,624
11 -2,893

GENERALIZED CMOINATES--ASE10 NO, 2,

J g(J) QD(J) QDDkJ)
12 0,13424D+02 0436000+H03 0,O000009+00••
13 0,22754D+02 *OO0OD000D÷ 0 O0000D÷09+00Z€

14 -0,26451H+00 O,00001.O00 0,00O000+00 K
15 0.10950D+02 OOOOOOD+00 0,00000+00
16 -0,26451D+00 04000000D0 0O0000DcDO0
17 0.63300D+01 0,O0000011+0 0,000000÷00

18 0,13692D+00 0,00000D+00 0.00000D+0019 -0,27925D+00 o0ooo0D.Oo-0 0,000000oo
20 0,244351H'00 O,O0000011+0 0,O0000÷0000-

I2 -0.OB703D-01 0.00000D+00 0,00000+00
22 -0,50488D-01 O,O0000011+0 0,O00000÷00

Slk
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INITIAL CONDITIONS---PPASSENGER NO, 3

SEGMENT ANKIE
1 -15,535
2 -19,535 -
3 7.465
4 -16,000

5 60,0C0
6 -164000
,7 60,000

-3.811

10 -34811
"113,83-

GENERALIZED COORMINATES---PASSEHOER NO, 3

J 0() DOWJ) 00110)
23 0,13081D+02 0.36000403 0,O,00OD+00
24 0,22962D+02 0M00000+00 0.000008O00
25 -.. 27113D400 0,00000D0+0 0,000001100
26 0#108500+02 0,00000D+00 0,00000000
27 -0,27113D+00 0#OOOOOD+010 0,0000011+00
28 0#63300D+01 0,00000D+00 0,0000OU000
29 0.1303011+00 0.00000+000 0,0000011+00
30 -0,27925D+00 M,00000400 0,O00000100
31 0,24435D+00 O0.000 00 0,000000"00
32 -0,66513D-01 0,0000OfO+0 0.00000100
33 -0,67001D-01 0,000000+00 0,00000+00
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NODAL DISPLACEMENT VECTOR (TIME=0,0259EC)

TRANSLATION
NODE X Y Z

1 0,0000 0,0000 0.0000
2 0,0000 0,0000 -0.5000
3 0.0000 0.0000 0.0000
4 0,0000 0,0000 0,0000
5 0,5627 -0,1811 -0#2722
6 0,3510 -0.1908 -.0°595
7 0,0047 70o1806 0,0000
8 -0,1011 -0,1806 012309
9 0,5760 -0,1683 -0,3403

10 0,3620 .-0,1673 -0l270
11 0,0060 -0,1680 -0,0040
12 -041013 -0;1730 0,2323
13 0,6 Mb' -0#1339 "0,7619
14 0,4125 -0,1343 .0,4992
15 0#0070 -0,1348 "0#0009

16 -0,1037 -0.1344 0,2440
17 1,2491 -0.5239 -0,0755
18 0.8138 -0#5219 0,0724
19 0,3552 -0,5202 0,1012
20 -040232 -0.5193 0,2526

SUPPORT 8 TRUCTURE REAC T I 1 OM8 (TIME0 ,025 EC)

NODE FX FY FZ NX AY NZ

1 6. -251, -773, 0. 0o 845a
2 -360, 255. 830. O, O0 2164,
3 126, -256, 1461, 0. O, 713,
4 957, 248. -1409, O0 O0 1992,
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B EAM E L E ME NT L0 A D S (TIME 0,025 SEC)

DEAN NODE FX FY FZ MX MY MZ SIATUb

1 1 761, -252o -133, -833, 0;, 139. 0
6 -761, 2524 133, 833, 1616, -3200, 0

2 3 -1467, -230, 104, -704. 1,, ill, 0
7 1467, 230. -104, 704, "1276, -2914, 0

3 2 -5096 262, -42, -1136, o, 525. 0
14 509, -262. 42. 1136, 504. 3178, 0

4 4 609. 263, 56, -917, -1. 624, 0
iS -609, -263, -56. 917. -790. 3094, 0

5 2 -515, -8. O0 -232, 0. -I.131. '
6 515. 8. 0. 232, 0. 985, 0

6 4 1288o -32, O0 -177, Of -1238, 0
7 -1288, 32, O0 1774 O0 . 0

7 5 -66, 59, 110 211, -82, 696, 0
6 68, -59, -114 -211, -128, 48'/, (

8 6 -78, 381, -266, 1427, T652, 3710, 0
7 78, -381, 266, -1427, 2668, 3909, 0

9 7 131 -51. 15, 181. -170. -792 0)
e -13. 51, -15, -181, -128, -224,

10 13 118, -42, 31, 301, 35, -809, 0
14 -118, 42, -31. -301. -663, -34. ,

_ 11 14 117. -290, -422. 1567, 4177. -2729. 0
15 -117, 290, 422, -1567. 4267, -3074. 0

12 15 22. 64. 47. 1, 1%0i, 10,1.
16 -22, -64. -47, -151. -36, 201, ,)

13 5 -66. -72, 12. 83. 456., 862. ,
9 66, 72, -12, -83. -487, 679, C

14 6 ill. -265, 94. "82. 432, -1851, 0
10 -111. 265. -94. 82. 4A68. lI8. 0

15 7 -750. -151, 206, -109, -928. -1270), ,1

11 750, 151, -206, 109. 410. 888, 0

16 8 -39, -19, 99. 271 .323. 45, 0
12 39, 19, -99, -27, 7h,. -94, 0

C-13

IN

.~.' ' .. .~ .... ...



17 9 37. -118, -63. -37. 494s -678. 0
13 -37, 1181 63, 37, 298. -810, 0

18 10 355, -250, -108, -191, 674, -1169, 0
14 -355, 258, 108, 191, 686, -2084# 0

19 11 -493. -188, 82, -166, -421, -874. 0
15 493, 188, -82. 166. -618, -1496, 0

20 12 59# 24# 18, 29. -73# 94M 0
16 -59, -24, -18. -29, -149, 204s 0

21 5 -28, 10. 3, -179, -252, 122. 0
17 28, -10, -3, 179o 165, 159o 0

22 4 84, -a# 37. -217, -829. -45, 0

18 -84, 8o -37# 217. -199, -1680 0

23 7 -78. -10, -421 -215# 944, -67, 0

19 78. 10. 42. 215o 235, -201# 0

24 8 23, 7, 2# -190, 142, 72, 0
20 -23, -7. -2. 190, -210, 115, 0

25 17 -10, 280 -3, 163# 1791 162, 0
18 10, -28# 3, -163# -116. 399. 0

26 18 -3, -56, -39, -32, 335, -569, 0
19 3. 56. 39. 32. 453f -5441 0

27 19 7, 231 2. 209s -239, 3431 0
20 -7, -23. -2, -209, 192. 113, 0
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STRESSES IN DEAN ELENENTS (TITNE O,0258EC)

DEAN NODE S-HAX S-hiN
NO NO

1 1 6O00000E+00 -0,360796E+04
6 0.370335E+05 -0#419695E+03

2 3 O0577302E+04 MOO00000E+O0
7 0391287E+O5 -0#296106E+05

3 2 0,596260E+04 -0,266260E+04
14 0.325881E+05 -0.292881E+05

4 4 0,314845E+04 -0,709571E+04
15 0.29085E+05 -0,338328E+05

5 2 0#109445E+05 -0,760617E+04
6 Oi974985E+04 -0#641157E+04

6 4 0598021E.04 -0,143319E+05
7 0.963392E+03 -009315070+04

7 5 0#452304E+04 -O0420389E404
6 0.321116E+04 -0o289201E004

8 6 0.283841E+05 -0.280171E+05
7 0.293343E+05 -0#289674E+05

9 7 0e493249E+04 -0#4?9363E+04
0 ,.152655E+04 -0#150769Ef04

10 13 0.478995E+04 -0.534453E+04
14 O.387869E+04 -0.443327E+04

11 14 0,303349E+05 -0.308862E+05 k
15 0*322648E+05 -0,328161E+05

12 15 0#873518E+04 "OtBB3726E+04
16 0#120127E+04 -0,131135Ef0•E4•

13 5 0411025KE+05 -O.105M83EM0§
9 0#977400E+04 -0.93465BE104

14 6 0.183819E+05 -O0190998E+03
10 0.148362E+05 -0.155542E405

15 7 0.204598E+05 -0.155930E+05
11 0,130790E005 -0,21230Et04

16 8 0.314962E+04 -0,289962E+04
12 0,150674E+04 -0o125674Ef04
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17 9 o,.9912 o04 -0.972963E+04
13 0.896875E+04 -0.920827E+04

1 10 0,139621Em1 -O#162618E+05
14 0,215751E+05 -0,238748E#05

19 11 0.122208K+05 -0,902554E+04
15 0,189397E+05 -O,157445Et05

20 12 0.11922SE404 -0#156341E+04
16 0,270240E+04 -0,#3 5 048,59.

21 5 0,316367E+04 -O,298166E+04
17 0,275315E+04 -0,257116E+04

22 6 04689369E+04 -0,743541E+04
18 0#273846E+04 -0,328019E+04

23 7 0&854127E+04 -0#803299E+04
19 0383197E+04 -0,332369E+04

24 8 O,167"9BE04 -0,192811E+04
20 0,259045E+04 -0,273857E+04

25 17 0,262889E+04 -0,276410E404

18 0,425910E'04 -O,419431E+04

26 18 0,742523E+04 -0,740356E+04
19 0,818936E104 -0,816770E+04

27 19 0,475820E+04 -0,480249E104 _ "
20 O,247918E1"4 -0,252348E104

'N
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NODAL DISPLACENENT VECTOR (TItE"0175 SEC)

TRANSLATION

NODE X yEI.
1 060000 0.0000 0,0000
2 0.0000 0.0000 -0.5000
3 0.0000 0.0000 0,0000 __

4 0,0000 0,0000 0.0000
5 0O7935 -0,1744 -0.1285
6 0,3573 -0#1733 -0,0576
7 0.0112 -0#1714 0,0020
8 0.1576 -0.1677 0.3191
9 0,8218 -0,1477 "0,2399

10 03696 -0.1554 -0#1237
It 0.0134 -0.1642 -0,0008
12 0M1626 -0.1763 0,2848
13 0,9195 -0,1276 -0,9336
14 0.4222 -0,1296 -0,5005
15 0*0166 -0i1321 -0,0023
16 0,1937 -0,1346 0,0204
17 1,6444 -0,4828 0,1133
18 140292 -0,4807 0,1347
19 0,5674 -0,4792 0,1620
20 0#3823 -0,4794 0,3808

8UPPO RT S T RUCT URE REACT IONS (TIE =0,175SEC)

NODE FX FY FZ IX mY NZ

1 352. -333, 1408, O O0 1131,
2 946, 361, -1113, o, 0, 2762.
3 433, -211. 3497, 0. O 381,
4 2361, 161# -3448, 0, 0. 1278. .
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S DE AHi ELEME NT L4AD8 (TIhE= O17o EC) BT.

K A H N O D E F X F Y F Z o4 x my N Z ST AT U S

1 1 "1446# "333, "116, -1116, O 186s 06 1446s 333, 116, 1116, 1409, -4234t 0 "

2 3 -35251 -147, 116, -377, 7, 59, 0
7 3525• 147. -116, 377. -1421. -18474 0

3 2 345, 340, 14, -1649 o 0, 413 o 0 ,

14 -345. -340, -14, 1649. -198, 4386, 0

4 4 1499. 173, 108. -379, -6. 643, 0
13 -1499, -173. -108, 379. -1517, 1003, 0

5 2 12291 211 o0 -373, O -1127, 0
6 -1229# -21. O0 373. O0 1527. 0

6 4 31351 -56, 0 -55, O -1110. 0
7 -3135. 56, O0 55, 0, 43o 0

7 5 -250o 304, 90 9%6 822o 27611 0• .•

6 250. -304# 99, -956. 1130. 3306. 0

, A 
6 -443, 386o -236s 1432, 2218. 3243. 0

7 443. -386, 236. -1432, 2510, 4476. 0

9 7 -152. -311. 96, -504, -969, -3920, 0
8 152, 311. -96, 504, -760. -2398, 0

10 13 449, -292, -79. 1390, 533. -3194, 0
14 -449, 292. 79. -1390, 10355 -2654, 0

11 14 557, -296. -435, 1577, 3796, -1986. 0
15 -557. 296, 435. -1577, 40". -3926, 0

12 15 348, 315, 180, -921, -3062# 3710, 0
16 -348, -315, -180, 921, -538, 2589. 0

13 5 -359, -225, 25, 91, 1819, -3116, 0
9 359, 225. -25, -91. -1882, 2548. 0

14 6 -1536. -454. 588, -195. -734. -3191. 0
10 1536, 454, -588. 195. -749, 2047, 0

15 7 -2381. 123s 687, -64, -2082, 168, 0
11 2381. -123, -6e7. 64. 348, 142, 0

16 8 -333, 139t 182t 532. 956. 2270, 0
12 333, -139, -182. -532, -1413, -1920, 0
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17 9 315. -450. -25?. -552, 1895. -2479, 0
13 -315. 450, 259, 552, 1375, -3197, 0

18 10 13. -4471 -88. -338, 744, -2031. 0
14 -13, 447, a8, 338, 364, -3612, 0

19 11 -883. -15" 104. -53, -355, -130, 0
15 883. 15. -104. 53 -"958, -57o 0

20 12 300. 355, -1899 515, 1443. 1902. 0
16 -300, -3551 199, -515. 9461 2504. 0

21 5 2t -9, 30. -221. -8781 -144. 0
17 -2. 9, -30, 221, 31, -103, 0

2 22 6 36, -11. 10. -254, -2061 -75, 0
1e -36, 116 -10. 254# -66. -2361 0

23 7 -73o 4, -69, -181. 1560, 102, 0 I.
19 73. -41 69, 1t1. 369, O, 0

24 8 35# 17, 291 -158, -457. 2151 0
20 -35. -17. -29, 158, -344, 2551 0

25 17 9. -1, -30. 32, 222, -101, 0
18 -9. 1. 30, -32. 379, 72, 0

26 19 20. -38, -40o -31, -125, -309, 0
19 -201 38. 40. 31, 917, -448. 0

27 19 161 35# 29. 347. -737s 4511 0
20 -16. -35, -29. -347. 158, 251, 0
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STRESSES IN DEAN ELEMENTS (TIME, 0.1751EC)

KAN NODE S-MAX S-Him
NO NO

1 1 0621B13E+04 OoOOOOOOE+Q0
6 0,509831E+05 -0#416019405

2 3 0#119765E+•5 0,*Q0900E+00
7 0,382400E+05 -0,153753E+05

2 0o227231E+04 -0o450744E+04
14 0,364870E+05 -0.307221E#05

4 0,465845E+03 -0,101906E+05

15 0,223737E+05 -0320984E+05

5 2 O,526003E+04 -0,132337E+05
6 Oo953894E*04 -0,165120EF05

-6 4 O.OoQoOE400 -0#192736E+05
7 OlooOmOo0 -0#105205E+05

7 5 00180131E95 -"O,168319E+05
6 0,213071E+01 "020125?E+05

8 6 0#232494E+05 -0,23158KE+05
7 0,320099E+05 -0129919NE+05

9 7 0.242912E+05 -0,235762E+05

8 Ol53826E+05 -0o146676E+05

10 13 O189547E+O5 -3,210726E+05
14 0.155722E+05 0402E+05

11 14 01243147E+05 -0,269407E+05
15 0.378031E05 -0,404293E+05

12 1i 0,291991005 -0,308412E+05
16 0,153964E+05 -0,170386E#05

13 5 0,416467E+05 -04393165E+05
9 0,375062E+05 -0.351760E+05

14 6 0.3717805+05 -0,272131E405
10 0.279222E+05 -0.179574E+05

15 7 0.261777E+05 -0,107364E405
11 0,117436E+05 0#00000E5400

16 8 0,2'75360E+05 -0,253770E+05
12 0,284218E+05 -0,2626282+05
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17 9 0#348640E+05 -06369040E+05
13 0#364877E+05 -0.385277E+05

10 10 0.227165E+05 -01228001E+05
14 0#325727E+05 -0,326I62E+05

19 it 0.684424E+04 -0,111529E+04
13 0,111893E+05 -0,546033E+04

20 12 01264675E+05 -0,284145E+O5
16 0.279019Ef05 -0#299289E+05

21 5 04837876E04 -0,838937E004
17 0410950DE104 -0,110568.+04

22 6 0,219433E+04 -0,242931E+04
18 0#235809E+04 -02M9308E004

23 7 0o,13M684E+0D -0,133975E+05
19 04326717ED04 -0,279631E+04

24 a 0539849EO4 -O,562739E+04
20 0*479485E+04 -0,502375E+04

25 17 0.261914E+04 -0,267906E+04
1e 0,366913E+04 -0o372905E+04

26 18 0.349647E+04 -0362542EI04
I9 0,111334E+05 -06112623E+05

27 19 0o969025E+04 -0,979679E+04
20 0.330023E+04 -0,340677E+04
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OCWPNMT SEWOENT POSITION
(IN AIRCRAFT REFERENCE FRANE)

TIME PELVIS CHEST
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)

0,000 13M42 -0,17 22M75 10.59 -0,17 33o23
0,004 13A43 -0,17 22.76 10,59 -0.17 33,23
0.00 13M44 -0,17 22.77 10,62 -0.17 33,22
0,013 13,49 -0,17 22,77 10.69 -0.17 33.21
0.016 13,56 -0,17 22,78 10,76 -. ,17 33,20
0,021 13,69 -0,17 22.78 10,89 -0,17 33,19
0,025 13.83 -0,17 22,77 11,03 -0,17 33,19
0,029 13,99 -0,17 22,76 11.20 -0,17 33,18 Z
0,032 14,16 -0,17 22.73 11,37 -0,17 33.17
0,037 14,39 -0.17 22,68 11,63 -0,17 33,16 VMS
0.041 14,61 -0.17 22,63 11,89 -0,17 33.14
0,045 14.84 -0,17 22,57 12,20 -0,17 33,12
0,049 15,06 -0,17 22,51 12.54 -0.17 33,09
0.053 15.29 -0,17 22.45 12.92 -0,17 33,05
0,057 15.51 -0#17 22.39 13,34 -0,17 33.00
0,061 15,72 -0,17 22,33 13,67 -0#17 32,93
0,064 15.89 -. 17 22.27 14,04 -0,17 32,88
0,069 16,10 -0,17 22.20 14,53 -0,17 32.83
0.073 16.27 -0.17 22,15 14,9 -0,17 32,79
0,077 16,42 -0#17 22.11 15,47 -0.17 32.77
0,081 16,56 -0.17 22.08 15,96 -0.17 32,77
0,085 16,69 -0,17 22.08 16.47 -0.17 32.78
0,09 16,81 -0,17 22,09 17,00 -0,17 32.82
0.093 16,93 -0,17 22o12 17,5 -0,17 32,8704097 17,05 -0,17 22,10 18,13 -0,17 32.94

0.101 17,17 -0,17 22.25 18.73 -0.17 33,02
0,105 17,29 -0,17 22,34 19.35 -0,17 33,09
0,109 17,42 -0,17 22A44 20.00 -0.17 33,16
0,113 17,57 -0,17 22,55 20,66 -0.17 33.20
0,117 17,72 -0,17 22,67 21.35 -0.17 33,23

4121 17,89 -0,17 22078 22,04 -0,17 M21,
0,125 18.07 -0,17 22,87 22,74 -0,17 33.15
o0128 18.24 -0,17 22195 23,36 -0,17 33,06
0.132 18,44 -0.17 23,01 24,05 -0,17 32,91
0,136 18,64 -0.17 23,06 24.74 -0,17 32,70
0,140 18,85 -0,17 23,07 25.40 -0.17 32,43
0,144 19,05 -0,17 23,04 26,04 -0O17 32,11
0.148 19.25 -0.17 22,97 26.66 -0.17 31,73
0,152 19.44 -0.17 22,96 27,24 -0,17 31,29
0.156 19,62 -0,17 22,69 27078 -0,17 30,80
0.160 19,79 -0,17 22,49 28.32 -0.17 30.20
0,164 19,93 -0.17 22.26 28,63 -0,17 29,73
0,168 20,03 -0,17 22,01 28,99 -0.17 29.09
0,172 20,09 -0,17 21,73 29,22 -0,17 28,47
0,176 20,13 -0,17 21,4 29,39 -0,17 27,83

WA___ __ __ ___ _ ?'



OCCUPANT SEGMENT POSITION •' _
(IN AIRCRAFT REFERENCE FRACE)

TIME PELVIS CHEST
(BEG) PITCH (DEb) -- ROLL (DE6) PITCH (DEB) - ROLL (DEB)

0,000 -15,535 0,00 -15,53 0,00
0.004 -15&522 0.00 -15,55 0,00
0.008 -15,488 0,00 -15.57 0,00
0,013 -151458 0.00 -15,57 0,00
0,016 -15.433 0o00 -15,56 0.00
0,021 -15,404 0.00 -15,52 0,00
0.025 -15s384 0,00 -15,45 0,00
0,029 -15.372 0,00 -15,32 0.00
0,032 -15,327 0.00 -15,18 0,00
0,037 -15,177 0.00 -14,95 0.00
0,041 -14,926 0,00 -14.68 0.,4)
0.045 -14,532 o0oo -14.53 00
0,049 -13.968 0,00 -13.93 0,00
0.053 "13,211 0,00 -13.43 0.00
0,057 -12,245 0.00 -12,81 0.00
0.061 -11,061 0,00 -12.07 0,00
0,064 -9.845 0.00 -11.31 0,00
0,069 -84042 0000 -10,15 0.00
0*073 -6o222 0,00 -8.94 0,00
0,077 -4,219 0,00 -7,55 0,00
0,081 -2,061 0,00 -5.98 0.00

"0,W 0,233 0,00 -4.23 0.00
0,089 26646 0,00 -2.32 0,00
0,073 5,162 0,00 -0#25 0.00
0,097 7,761 0.00 197 0,00
0,101 10,426 0.00 4,34 0,00
0.105 13,136 0.00 6,83 0.00
0,109 15,872 0,00 9,44 0,00
0.113 18,616 0,00 12,15 0,00 ,. .*'

0,117 21,348 0,00 14,95 0.00
0,121 24,051 0,00 17,82 0.00
0,125 260709 0.00 20,74 0,00
0,128 28,992 0.00 23,32 0.00
0,132 31,565 0,00 26,30 0.00 •'."

0,136 34,104 0,00 29.28 0.00
S0.140 36,601 0,00 32,26 0.00

0#144 39,034 0,00 35.22' 0.00
0 ,148 41,38 ooo 038,14 0,00
0,152 43459? 0.00 41.03 0.00
0,156 454602 0,00 43,91 0,00

+;0,160 47,297 0,00 4A,82 0,00
• +,O,464 40,632 O, O0 490 5 O, 0 oo •

. 04168 49,614 0,00 52070 0,00o•,
•,0,172 5043J1 0,00 55,41 0,0 ' +

•!0,176 50.,11 0,00 58,42 0,00
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a OCCUPANT SEGENT POSITION
(IN AIRCRAFT REFERENCE FRANE) X

TINF HEAD NECK
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)

0,00) 10,26 -0.17 45.50 8,23 -0,17 41,89
0,004 10,27 -0,17 45.50 8.23 -0,17 41,89
0.006 10,29 -0,17 45,49 9.26 -0X17 41,98
00013 10,35 -0,17 45,47 8o32 -0,13 41#07
0,016 10,43 -0,17 45,46 8,40 -0,17 41,87
0,021 10,57 -0,17 45,44 8,53 -0,17 41,86
0,025 10,73 -0,17 43,43 8,69 -0,17 01,86
0,029 10.93 -0,17 45.42 8.87 -0,17 41,85
0,032 11.14 -0,17 45,42 9.07 -0417 41,85
0,037 11,45 -0,17 45,41 9,36 -0,17 41,85
0.041 11,77 -0,17 45,41 9,67 -0,17 41,84
0,045 12,14 -0,17 45.40 10.03 -0,17 41,.3
0,049 12,57 -0.17 4538 10,43 -0,17 41,82
0,053 13.M4 -0,17 45,35 10.89 -0.17 41,80
0,057 13657 -0,17 45.31 11,40 -0,17 41,77
0,061 14,05 -0,17 45,25 11.85 -0,17 40073
0.074 14956 -0,17 45.21 1M634 -0.17 41670
0.069 15629 -0.17 45,15 13401 -0#17 41.76
0,073 15,99 -0,17 45.11 13,66 -0.17 41,67
0.077 16.75 -0.17 45,07 14,35 -0,17 41.68
0,081 17,56 -0.17 45.05 15,09 -0.17 41.71
0.085 18.44 -0,17 45,03 15.98 -0,17 41.75
06089 19,37 -O07 45.01 16071 -0,17 41.80
0,093 20,35 -0,17 45.00 17.58 -0,17 41,86
0,097 21,39 -0,17 44,97 18,51 -0,17 41,92
01101 22,48 -0,17 44.94 19.48 -0.17 41,97
0.105 23.61 -0,17 44,8B 20,49 -0,17 42,00
00107 24*78 -0*17 44,78 21.53 -0#17 42.01
0.113 25.98 -0.17 44.65 22,61 -0.17 41.98
0,117 27,20 -0,17 44.46 23.7l -0,17 41.89
0,121 28,44 -0,17 44.20 24.83 -0,17 41,YS
0.125 29,67 -0.17 43.98 25,95 -0,17 41,55-1 0,129 30,74 -0,17 43,53 26,93 -0,17 41,31

0,132 31,95 -0,17 43,06 28.03 -0.17 40,97
0.136 33,13 -0,17 42,51 29,12 -0,17 40,55
0,140 34.27 -0,17 41,87 30,17 -0,17 40,05
0,144 35,36 -0,17 41,16 31,19 -0,17 39,48
0,148 36.41 -0,17 40,36 32,16 -0.17 38,84
0.152 37.40 -0,17 39,48 33.08 -0.17 38.13
0.156 38.32 -0.17 38.54 33.94 -0.17 37.35
0,160 39.23 "-017 37.45 34.80 -0.17 36.44
0,164 39,90 -0,17 36,47 35,41 -0.17 35o64
0,168 40.57 -0.17 35.29 36.05 -0,17 34,65
0,172 41.10 -0,t7 34,09 36,56 -0.17 33,66
0,176 41.52 -0,17 32.85 36,98 -0.17 32,65
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SOCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE HEAD NECK
(SEC) PITCH (DEC) -- ROLL (DEG) PITCH (DEG) -- ROLL (DEC)

0,000 7,465 0,00 -4.03 0.00
0,004 7,464 0.00 -4.04 0,00
0.008 7,457 0.00 -4.05 0.00
0,013 7.444 0,00 -4406 0,00
0.016 7,456 0,00 -4,05 0,00
0,021 7.523 0.00 -4.09 0.00
04025 7,652 0.00 -3#90 0.00
0,029 7.850 0.00 -3,74 0o00
04032 8077 0000 -3,55 0,00
0,037 8,403 0,00 -3.27 0,00 ••.

00441 8.687 0,00 -3.00 0.00
0.045 0,939 0.00 -2070 0.00.h
0,049 9.149 0,00 -2,39 0.00
0.053 9,333 0,00 -2,05 0.00
0,057 9,523 0.00 -1,65 0,00
0.061 9.769 0,00 -1.15 0,000
0.064 10.071 0.00 -0,62 0.00 II
0,069 10,632 0,00 0,24 0.000
04073 11,328 0,00 1,20 0,00
04077 12,235 0,00 2,34 0,00
0,081 13,364 0601 3,69 0,OM
0.085 14,712 0.0' 5,24 0,00
0,00? 16,264 0.00 s,97 0,00
0.093 17,956 0,00 8,87 0,00
0,097 19.840 0.00 10,91 0,00
0,101 21,794 0.00 13,07 0.00
0,105 23,822 0.00 15,33 0,00
"0.109 25,906 0,00 17,67 0.00
0,113 29.028 0.00 20.09 0.00
0,117 30,!72 0,00 22,56 0.00

" 0,121 311,319 0,00 25.07 0.00
0,125 34,452 0.00 27,59 0,00
0,128 36,297 0,00 29,81 0,00
0,132 38,375 0.00 32,34 0,00
0.136 40,419 0,00 34,05 0.00
0,140 42.443 0.00 37,35 0,00
0,144 44,476 0.00 39,85 0,00
0,148 46:547 0,00 42.35 0,00
0,152 48,673 0.00 44,85 0.00
0.156 50,R47 0,00 47,38 0.00
0,160 53,072 0.00 49.94 0.00
0,164 55.365 0,00 52,56 0.00
0,168 57,771 0.00 55,23 0.00
0,172 60,329 0,00 57,97 0,00
0.176 63,053 0,00 60,74 0.00

C*-51
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIE RIGHT UPPER AM RIGHT LOVER AM
(SEC) X (IN) Y (IN) 2 (IN) X (IN) Y (IN) Z (IN)

0.000 10,77 -6.51 32,06 18,66 -6,51 24,22
0,004 10,77 -6.51 32,06 18.66 -6.51 24,22
0,008 10,80 -6#51 32,06 10869 -6,51 24,22
0,013 10,.6 -6,51 32.05 18,76 -6.51 24,21
0,016 10,94 -6.51 32.04 18,83 -6,51 24,20
0,021 11,07 -6,51 32,03 18.96 -6,51 24,19
0,025 11.21 -6,51 32,02 19.09 -6,51 24,17
0,029 11,38 -6,51 32,01 19,24 -6,51 24,15
0,032 11,55 -6,51 32,01 19,40 -6,51 24.13
0,037 11.81 -6,51 32,00 19,63 -6,51 24.10
0,041 12,07 -6,51 31,98 19,87 -6.51 24,06
0.045 12.38 -6,51 31.96 20,15 -6,51 24,01
0,049 12.73 -6,51 31.93 20.46 -6#51 23,95
0.053 13,11 -6.51 31s90 20,80 -6.51 23.98
0,057 13,54 -6.51 31,85 21,19 -6.51 23t79
0,061 13.88 -6.51 31.79 21,47 -6,51 23.68
0,064 14,27 -6,51 31,74 21,79 -6.51 23,59

1 0,069 14,79 -6.51 31,69 22,23 -6,51 23,46
04073 15.27 -6,51 31,66 22.63 -6,51 23.35
0,077 15,76 -6,51 31.64 23,03 -6,51 23.24
0,081 16.30 -6.51 31,64 23,43 -6,51 23,14
0&065 16.85 -6,51 31,66 23,84 -6,51 23.05
0,069 17,42 -6,51 31.70 24.26 -6,51 22.96
0,093 18.01 -6.51 31.75 24,68 -6,51 22488
0,097 18,62 -6.51 31.81 25,10 -6.51 22s80
0,101 19,26 -6.51 31,87 25.54 -6,51 22,73
0,105 19.92 -6.51 31,93 25.98 -6.51 22.65
0,109 20,61 -6.51 31.97 26.44 -6.51 22,67
0.113 21s32 -6,51 31.99 26,92 -6.51 22,47

4 0.117 22.04 -6.51 31,98 27o42 -6,51 22,36
0,121 22,79 -6,51 31,92 27,93 -6.51 22,22
0,125 23.54 -6.51 31,82 28.48 -6,51 22.06
0.128 24.20 -6,51 31,69 28.98 -6,51 21,89
0,132 24,96 -6,51 31,47 29.57 -6.51 21.66
0,136 25.72 -6,51 31,20 30.19 -6,51 21,38
01,40 26547 -6,51 30,86 30,14 -6,51 21,07
0,144 27,20 -6o51 30,45 31,51 -6,51 20,70
0.148 27,92 -6,51 29#9 32,20 -6,51 20,29
0,152 28.63 -6,51 29,44 32,92 -6,51 19,84
0,156 29-30 -6.51 28,84 33,64 -6.51 19.34
0,160 30.00 -6,51 28,11 34,46 -6651 18.73

, 0,164 30.49 -6,51 27451 35,10 -6651 18,27
0,168 31,04 -6,51 26,72 35,84 -6.51 17,63
0,172 31.49 -6,51 25.94 36651 -6.51 17,02
0,176 31.88 -6,51 25,15 37,15 -6.51 16,40
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME RIGHT UPPER ARM RIGHT LOVER ARM
(SEC) PITCH (DEG) -- ROLL (DEB) PITCH (DEB) -- ROLL (DEB)

00000 -16.000 0.00 14,00 0.00
0,024 -16,904 0,00 14,00 0,00
0,003 -15.733 0.00 13,99 0.00
0.013 -16,025 0.00 14699 0.00
0,016 -16,022 0,00 14,00 0,06
0,021 -15,990 0,00 14803 0,00
0,029 -150382 0,00 14,08 0.00

04032 -150,33 0.00 14,29 0,00
0,037 -15,#18 0.00 14,46 0.00
0,041 "15,368 0o)0 14564 0.00
0,045 -15,140 0,00 146.5 0,00
0s04? -14,868 0,00 1560. 0.00
0,073 -12,550 0,00 15,33 0,00
0,057 -114,15 0,00 18,63 0.00
0,061 -10o773 0,00 15,09 0.00o,064 -13.370 oloo 16.36 0#00

0,069 -12,701 000 16,95 0.00
0.073 -12172 0,00 12,06 0.00
S0,077 -"1#471 0,00 18226 0,00

7Ool -10,673 0.00 19,06 0,00
01085 -9,774 0,00 19295 0,00

0,105 -3,6825 0,00 25.05 0,00
"01009 -8,776 0,00 20,9S 0,00

0.113 -0,692 0.00 27,03 0.00

0,097 -6t488 0.00 23819 0.00
0,101 -2,11 0,00 24,36 0,00
01105 -3,825 0,00 23,59 0,00

__0,109 -2.302 0,00 26,73 0,0 .. •

06113 04,892 0,00 27,86 0,00
0,127 0,622 0,00 28.92 0,00
0.132 2,131 0,00 32,88 0.00
0,125 3,606 0,00 30,64 0,00
0,124 4,842 0,00 31,27 0,00
0,132 68163 0.00 31,75 0,00
"0,132 7.355 0.00 32,01 0,00

•.. 0,40 8s387 0,00 32,04 0,00
• 0,144 9,230 0,00 31,84 0,00o'

0#146 9,854 0,00 31,40 0,00
S0,152 10,232 0,00 30,72 0,00

-0156 10,336 0.00 29,77 0,00
0,160 10,140 0.00 28,58 0,00
0,164 9.626 0,00 27.17 0.00

0,168 8.785 0.00 25,55 0.00
0.172 7,639 0,00 23.80 0,00
0.176 6,236 0.00 21.M 0,00 o
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OCCUPANT SEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TINE LEFT UPPER ARM LEFT LOWER W1N
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)

0.000 10.77 6.17 32.06 18.66 6,17 24o22
0,004 J.0,77 6,17 32.06 186.6 6,17 24,22
0,006 10,80 6,17 32.06 18,69 6,17 24,22
0,013 19,86 6,17 32405 18.76 6,17 24.21
0.016 10.94 6417 32,04 18.83 6.17 24,20
0,021 11407 6,17 32,03 18,96 6,17 24.19
0,25 11.21 6,17 32,02 19,09 6,17 24.17
0,029 11,38 6,17 32,01 19,24 6,17 24115
0,032 11.55 6,17 32,01 19,40 6,17 24,13
0.037 11481 6.17 32,00 19,63 6,17 24,10
0,041 12,07 6,17 31,99 19,67 6,17 24,06
0.045 12o38 6.17 31,96 20,15. 6.17 24,01
0,049 12,73 6,17 31.93 20,46 6.17 23.95
0.053 13,11 6.17 31,90 20.90 6.17 23,90
0,057 13.54 6,17 31,85 21.18 6.17 23,79
0,061 13.08 6,17 31,79 21,47 6.17 23,6B
0#064 14,27 6.17 31.74 21,79 6,17 23,59
0.069 14,79 6,17 31,69 22,23 6,17 23,46
0.073 15,27 6.17 31.66 22.63 6X17 23.35
0,077 15,78 6.17 31.64 23,03 6,17 23.24
0,081 16.30 6.17 31.64 23,43 6,17 23,14
00065 16.85 6,17 31.66 23.84 6,17 23,05
0.089 17,42 6,17 31,70 24,26 6.17 22.96
0#093 18901 6,17 31.75 24,68 6.17 22,98
0,097 18962 6.17 31.81 25#10 6.17 22.80
0,101 19,24 6.17 31,87 25,54 6,17 22.73
0,105 19,92 6,17 31.93 25.98 6,17 22.65
0#109 20,61 6,17 31,97 26,44 6,17 22.57
0,113 21.32 6.17 31,99 26.92 6,17 22,47
0,117 22,04 6,17 31.98 27,42 6,17 22.36
0,121 22,79 6,17 31,92 27,93 6,17 22,22
0,125 23,54 6,17 31.82 28,48 6,17 22,06
0,128 24,20 6,17 31,69 28,99 6,17 21.89
0,132 24,96 6.17 31.47 29,57 6,1V 21.66
0,136 25.72 6,17 31,20 '0,19 6.17 21,38
0,140 26,47 6,17 30,86 30,84 6,17 21,07
0,144 27.20 6,17 30,45 31,51 6,17 20,70
0#148 27692 6,17 29398 32020 6,17 20729

0,152 28,63 6,17 29,44 32,#2 6,17 19,64
0,156 29,30 6X1 28s84 33#66 6,17 19,34

0.160 30,00 6,17 28,11 34,46 6,17 18,73
0.164 30,49 6,17 27.51 35,10 6,17 18.27
0,168 31,04 6,17 26,72 35,84 6,17 17,63
0,172 31,49 6,17 23,94 U,5l 6,17 17,02
0,176 31,08 6,17 25#1' 37.15 6,17 16.40

'N



S~OCCUPANT SEGNENT POSITION
(IN AIRCRAFT REFERENCE FRAME)

TIME LEFT UPPER ARM LEFT LOWER ARM
(SEC) PITCH (lEG) "- ROLL (DEG) PITCH (DEG) -- ROLL (DEB)

0,000 -16,000 0.00 14,00 0.00
0.004 -16,004 0,00 14,00 0,00
0.000 -16,015 0,00 13,99 0.00
0,013 -16,025 0o00 13.99 0,00
0.016 -16,022 0.00 14,00 0,00
0.021 -15,990 0.00 14.03 0.000
0.025 -15.932 o.o0 14,09 o.o0

"* 0,029 -15,839 0.00 14,18 0.00
0.032 -15.733 0.0014,,29 0.00

0,037 -15.558 0.00 14.46 0.000
0.041 -15,360 0.00 14,64 0.00
0.045 -15,140 ol00 14,05 0.00
0,049 -14t868 0,00 15.08 0,00
0.053 -14,550 0,00 15,33 ooo
0,057 -14,185 0o00 15,63 0,00
0.061 -13,773 0,00 13,98 0,00
0,064 -134370 0,00 16,36 0,00
0,069 -12,781 0.00 16.95 0,00
0,073 -12,172 0,00 17.56 0.00
0,077 -11,471 0.00 18,26 0.00
0.061 -10,673 0.00 19,06 0.00
0,005 -9#774 0.00 19,95 0,00
0.009 "80776 0,00 20,95 0.00
01093 -7s682 0.00 22103 0.e0
0,097 -6&488 0,00 23,18 0.00
04101 -5,199 0#00 24,36 0.00
0,105 -3.825 0.00 25,55 0100
0,109 -2,382 0,00 26,73 0.00
0.113 -0#892 0,00 27.86 0,00
0,117 0.622 0,00 28,92 0.00

* 0,121 2,131 0.00 27,8B 0.00
0,125 3s606 0,00 30,69 0,000
"0,128 4,842 0.00 31,27 0.00
0,132 6,163 0.00 31,75 0.00
0,136 7,.355 0,00 32,01 0,000
0,140 8,387 0,00 32,04 0,00
0,144 9,230 0.00 31,84 0.00

7, 0,148 P-854 0.00 31,40 o0o0
0,152 10,232 ol.o 30,72 0,00
0,156 10,336 0.00 29,77 0.00
0,160 1o014o o0.o 2,858 0,00
0,164 9,626 0,00 27,17 0,00
01168 84705 0.00 25,S5 0#00
0.172 7,639 0,00 23,80 0,00
0,176 61236 0,00 21,95 0,00
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OCCUPAMT SEGENT POSITION ..

(IN AIRCRAFT REFERENCE FRAE)

TIME RIGHT THIGH RIGHT LOWER LEG
(SEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)

0.000 22.97 -3#87 19.92 31,65 -3,87 8,59
0,004 22097 -3#87 18,92 31.65 -3.87 8.59
0,008 22,98 -3,87 18.92 31.6 -3,97 8,59
0,013 23,03 -3,87 189.2 31.70 -3.87 8,58
0.016 23,10 -3o67 18,93 31,76 -3,87 8e5l
0,021 23.22 -3187 18,92 31,88 -3.87 8.58
0.025 23.36 -3,.7 18,92 32,01 -3.87 8,57
0,029 23,53 -3.87 18,91 32,18 -3,87 8,57
0,032 23.69 -3,87 189B9 32,35 -3.87 8,57
0,037 23,90 -3,87 18,97 32,60 -3,87 8,57
0.041 24,09 -3.87 18,84 32,84 -3,87 8.57
0.045 24.28 -3,87 18,80 33.09 -3.87 9.57
04049 24.46 -3.97 18.76 33.35 -3,87 9,56
00•53 24,62 -3,87 18,71 33,63 -3,87 8.55
0,057 24,75 -3,87 18,66 33,91 -3,97 9.54
0,061 24,86 -3,87 18,61 34.19 -3,87 8,53
0.064 24,93 -3,87 18,56 34.44 -3,87 8.52
0,069 24.99 -3.87 18.48 34.77 -3.87 8.50
0,073 25,01 -3,87 18,41 35,06 -3o87 8,48
0,077 2M,00 -3.87 18J34 35.36 -3.87 8,44
0,081 24,96 -3,87 18,27 35,65 -3,87 8,40
0,085 24,91 -3.97 18919 35,94 -3,87 8.35
0,089 24.84 -3.87 19,12 36.23 -3.87 8,30
0,093 24,77 -3,87 18,06 36,50 -3,87 8,24
0,097 24,68 -3.87 18.01 36,77 -3.97 8,17
0,101 24,59 -3,87 17.96 37,03 -3,97 8.11
0.105 24.51 -3#87 17,93 37,27 -3.97 8,05
0,109 24,43 -3,87 17.90 37,49 -3,87 8.00
0,113 24,36 -3.87 17.89 37,71 -3,87 7,95 r -.
0,117 24,30 -3.87 17,89 37,92 -3,87 7,90
0,121 24,26 -3,87 17,89 38,12 -3,87 7,86 *,.

0,125 24,23 -3,87 17,89 38,31 -3.87 7,84
0,129 24,22 -3.87 17.89 38,49 -3,87 7,82
0,132 24,22 -3.87 17,40 38.68 -3,87 7,81
0.136 24,23 -3,7 17,90 38,89 -3,7 7,82
0.140 24,25 -3.87 17.90 39,09 -3.87 7,85
0,144 24.28 -3.87 17.8 39o32 -3.97 7.90
0,148 24,32 -3,87 17,96 39.55 -3,87 7,98
0.152 24037 -3.87 17,92 39.81 -3.87 8.09
0.156 24.43 -3.97 17.77 40.09 -3.87 8.23
0,160 24,50 -3,7 17,69 40,38 -3,87 8,40
0,164 24.57 -3,87 17,59 40.68 -3,87 8.58
0.168 24.63 -3.97 17,47 40,99 -3,87 8,77
0,172 24.66 -3,87 17.33 41,25 -3.87 8.98
0.176 24.68 -3.87 17,19 41,49 -3,87 9,20
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OCCUPANT SEGME~NT POSITION
(IN AIRCRAFT REFERENCE FRAMIE)

TINIE RIGHT THIGH RIGHT LONER LEO
(SEC) PITCH (DEG) -- ROLL (DEG) PITCH (DEG) -- ROLL (DECE)

01006 -3.911 0.00 -3.84 0.00 I
0.004 -30794 0.00 -3.83 0&0
0.009 -3,763 0.00 -3091 0,000
06013 -30724 0.00 -3.78 0.000

04021 -3s698 0.00 -3.73 0,00

06025 -3,721 0.00 -3,73 0,000
0.029 -3.763 0,00 -3,77 0,00
0.032 -3#835 0000 -3,84 0.00
0,037 -3,990 0.00 -4,00 0.00

0,041 -4-173 0,00 -4.21 0,00
0,045 -4,363 0.00 -4,53 0,000
0,049 -4#542 0,00 -4o98 0600
0,053 -4.7t2 0.00 -5.57 0400
04057 -4,882 0400 -6,32 0,00
0,061 -5#054 0,00 -7,24 0.00
06064 -5,186 0,00 -0010 0600

0.069 -5.277 0,00 -Y#64 0,000
04073 -5#253 0.00 -11,12 0,00
0,07? -5.121 0,00 -12o77 0.000

0.085 -4&495 0.00 -16,42 0.00
0.089 -3.976 0,00 -18,36 0.00
01093 -3,313 0.00 -20o34 0,000
0.09? -2o509 0600 -22,31 0.00

0.101 -1.577 0,00 -24.26 0,00
0,105 -00539 0.00 -26o17 0.00 I
04109 0,57S 0.00 -28,01 0.00
06113 1,747 0.00 -29,77 0.00
0611? 2.930 0,00 -31,45 0,00
0,121 4.122 0.00 -33.05 0,00
0.125 5,269 0000 -34.58 0,00
0,128 6,225 0,00 --35t86 0,00
0.132 7o257 0400 -37.27 0600
0.136 8.214 0,00 -38,64 0.00
0,140 9s066 0.00 -39.99 0.000
0,144 9,776 0.00 -41,34 0.00
0,14B 10,304 0,00 -42.73 0,00
0,152 10#619 0000 -44o17 0.00
0,156 16-719 0.00 -45,68 0.00
0,160 10.616 0.00 -47.27 0.00

.10.164 10.327 0.00 -48,95 0600
0,16B 9.074 0,00 -50.712 0.00
0,12 9020 0.00 -52457 0.00
0,176 8,591 0.00 -54,47 0400
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OCCUPANT SEBNNT POSITION
(IN AIRCRAFT REFERENCE FRAE)

TINE LEFT THIGH LEFT LOWER LES
(BEC) X (IN) Y (IN) Z (IN) X (IN) Y (IN) Z (IN)

0.000 22.97 3.53 18,92 31&65 3.53 8.59
04004 22.97 3.53 18.92 31,65 3.53 8,59
0.000 22,96 3.53 18.92 31,66 3,53 0.59
0.013 23,03 3.53 18.92 31,70 3M53 8958
0.016 23M10 3.53 18,93 31,76 3.53 9,58
0,021 23,22 3453 1892 31,88 3,53 8,58
0,025 23.36 3,53 18,92 32,01 3,53 8.57
0,029 23,53 3,53 18,91 32.18 3,53 9,57
0,032 23,69 3,53 18,89 32,35 3,53 8,57
0.0437 23,9 3,53 18,87 32,60 3M53 8657
04041 24,9 3,53 1AM8? 32640 3.53 8.57
06045 24.29 3.53 18,00 33409 3,53 8.57
0,049 24,46 3.53 18,76 33,35 3,53 8,M6
0.053 24562 3,53 18.41 35,63 3M53 89.4
0,077 2405 3,53 18366 33,91 3,53 8954
0,081 24496 3.53 18,61 34,69 3,53 8.43
0,064 24o93 3.53 18156 34,A4 3.53 8,52
0,069 24,99 3,53 18.12 34,67 3,53 8.50
0,073 25,01 3,53 18940 35,06 3.53 0,48
0.077 2.68 3,53 18,34 35,36 3,53 8.17
01081 24o96 3.53 18,47 37.60 3.53 8,40 iI
0,105 24.91 3.53 18719 35794 3.53 8035
01089 24,84 3.53 18,12 36723 3,53 8930
0,093 24,77 3.53 19,06 37,71 3,53 8,24
0,097 24,6 3,53 18,09 36,77 3.53 8,97
0,101 24,59 3,53 17,96 37,03 3,53 7i86
0.105 24.52 3.53 17,93 33,27 3.53 840
0,109 24,43 3,53 17,90 37.49 3,53 7.92
04113 24,3 3,53 17.89 37,71 3,53 7.95
0,167 24.30 3.53 17,89 37,92 3,53 7.90
0,102 24,26 3,53 17M9 39012 3,53 7.86
0.125 24,23 3,53 17,89 38,31 3.53 7.94
0.128 24,22 3,53 17,89 369.5 3,53 7,982
0,132 24,22 3.53 17,90 38,68 3,53 7,91
0,136 24.23 3.53 17,90 34,89 3,53 7,82
0,140 24,25 3.53 17,90 39409 3.53 7,40
0.144 24,28 3.53 17.89 39432 3.53 7.900,14 24,32 3,53 17,86 39,55 3,53 7,98
0,152 24437 3653 17s82 39,81 3,53 8409
0,156 24,43 3,53 17,77 40,08 3,53 8,23 "
04160 24450 3,53 M769 40,38 3,53 0,40
0,164 24,57 3,53 17,59 40,60 3,53 else

0.168 24.63 3,53 17.47 40,98 3,53 9,77
0,172 24.66 3,53 17,33 41,25 3,53 8.98
04176 24,68 3056 17.19 41,49 3,53 9,20



OCCUPANT BEGMENT POSITION
(IN AIRCRAFT REFERENCE FRAKE)

TINE LEFT THIGH LEFT LOWER LEG
(SEC) PITCH (IE8) "- ROLL (BEG) PITCH (DEG) -- ROLL (DEB)

0,000 -3.811 0,00 -3,84 0.00
0,004 -3,794 0,00 -3#83 0,00
OOO -3#763 0.00 -3.81 0.00
0.013 -3,724 0,00 -3,78 0,00
0,016 -30703 0,00 -3,75 0,00
0,021 -3,699 0,00 -3,73 0,00
0,025 -3,721 0.00 -3,73 0.00
0,029 -30763 0.00 -3,77 0.00
0,032 -3,835 0,00 -3,84 0,00
0,037 -3,990 ooo -4.00 0,00
0,041 -4,173 0,00 -4.21 0,00
0.045 -41363 0.00 -4653 0,00
0,049 -4#542 0,00 -4,98 0,00
0.053 -44712 0.00 -5.57 0.00
0,037 -4#882 0.00 -6,32 0.00
0,061 -5.054 0,00 -7,24 0.00
0,064 -5,186 0.00 -8,19 0.00
0,069 -5,277 0,00 -9.64 0,00
04073 -5,253 00oo -11012 0.00
0,077 -50121 0.00 -12,77 0.00
0,081 -4o873 0,00 -14.54 0.000
"0,085 -4,495 0,00 -16,42 0.00

06009 -3,976 0,00 -18.36 0.00 I
0,093 -3,313 0,00 -20,34 0.00
0,097 -2,509 0.00 -22.31 0,00
0,101 -1.577 0,00 -24.26 0,000
01105 -0.539 0.00 -26.17 0,00
0,109 0.578 0,00 -28.01 0,00
0,113 1,747 0,00 -29,77 0.00 hil
0,117 2,938 0,00 -31,45 0,00
0,121 4,122 0,00 -33,05 0,,0.
0,125 5,269 0,00 -34,58 0,00
0,128 6,225 0,00 -35,86 0,00
0,132 7,257 0.00 -37,27 0,00M36Z 0,214 0000 -3844 oloo
0,140 9,060 0,00 -39,99 0.00 "'
0,144 9,776 0000 -41M34 0,00
0,148 10o304 0,00 -42,73 0000
0,152 104619 0,00 -44,17 0,00
0,156 100719 0.00 -45.68 0.00
0,160 10,616 0,00 -47.27 0,00
0,164 10,327 0.00 -48,95 0,00
0.169 9,874 0.00 -50,72 0,00
0,172 9,280 0,00 -52,57 0.00
0,176 8,591 0.00 -54,47 0.00
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OCCUPANT SEGMENT ACCELERATION
(IN ArCELEROETER DTRECTI2O8)

TINE PELVIS
(SEC) X (a) Y (0) z (0)

m ICALE FACTOR a 0,167Ef01

04000 0,00 0,00 0,0
01004 0X7 0,00 -0,19 +a$
0.00, -0153 0,00 -0,15 # 2.
0.013 -1,64 0.00 2,70 A +
0,10 -0025 0,00 -2.41 f $
0.021 -1,72 0,00 -0.49 S +
0.025 -2,16 0.00 -0,26 $ + .
0,02 -2,81 0,00 -1.40 f 4
0.032 -3146 0.00 -0.99 $ + .
04037 -4,25 0,00 -0,60 + 0
0,041 -4,99 O0o0 0.50 a 4
0,045 -5.70 0.00 1.22 + ,
0,049 -603 0400 1&48 a + 4
0.053 -7,00 0400 1,48 a +
0.057 -7152 0400 1,46 $ 2 +
0,061 -7,91 0,00 1W7I 0 # +
0.064 -8.09 0400 2.95 $ a 4
0.069 -0421 0400 212 4
04073 -6,13 0.00 2077 *+
"0,077 -7.47 0.00 311 $ * +
01061 -7,51 0.00 3,36 $ f
0.095 -7.1O 0,00 3.0 *
0,099 ..6.79 0,00 3,07 $ ,
04093 -6.40 0,00 2.75 $ * 4
0.097 -5,96 0,00 2.29 $ - .
04101 -5149 0,00 1)67*a 4
0.105 -5.01 0,00 0,94
0,109 -4.51 0,00 010 0 8
0,113 -3,99 0.00 -0909 1 4
0.117 -3.46 0,00 -2403 * +
0121 -2.92 0.00 -3,34 4 $ 4

0,125 -2466 0,00 -4.07 + *
01128 -2151 0,00 -4075 4 $ -
02132 -2.24 0,00 -5.98 + I
0,136 -l2e5 0,00 -7.53 4 $ •
0,140 -1.37 0,00 .9.06 4
0,144 -0,16 0.00 -10.IT + $ •
01140 -0,44 0.00 -10.70 f *

-0.55 0.00 -10.31
0,256 -0,93 0,00 -9,48 f 5 a
0,160 -1.22 0.00 -9,74 4
0.096 -1,39 0,00 -6,99 4 4

0.1721 -3,07 0,00 -1.76 1 +
0,176 -4,29 0.00 1.44 $ 4
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.B8

OCCUPANT SEGMENT ACCELERATION
(IN ACCELEROMETER DIRECTIONS)

TIME CHEST
(SEC) X (0) Y (0) 2 (Z l

4 SCALE FACTOR 0.229EI01

0,000 0,00 0.00 0.00
0.004 0,84 0.00 -0.70 0, '
01008 -0136 0.00 -0,23 4.
0,013 -3,15 0.00 0.09 t 0_
0.016 18 lo 0201021 -1,67 oloo 0.72 1 •
0.025 -1,37 0.00 0.59 1 . +
0.029 "h,31 0,00 0,36 $ -
0032 -1.31 0,00 -0.03 1 1
0,037 -1136 0.00 -0+75 0 4 a
01041 -1.43 0,00 -1.23 t4 '

0,045 -1h57 0400 -1,41 +
01049 -1.78 0400 -1,17 1 4
0,03 -2,07 000 -0,59 0 4'
0,057 -2137 0.00 0.23 1 ,4
0,061 -2#67 0,00 0.98 1 0 +
0,064 -2.81 0,00 1,64 a *

0069 -2495 0,00 2.66 4 0
0,073 -2,96 0,00 3430 a +
0,077 -2.99 0.00 3.71 0
0.081 -257 0.00 3.00 ' 4

01089 -2136 0,00 3,10 t 4
0.093 -2420 0,00 2430 t a
0,097 -2.09 0.00 1,17 t 4
0.101 -2,03 0.00 -018 t +
0.105 -2.05 0.00 -1.69 *4
0.109 -2.13 0.00 -3,33 40
0.113 -2,26 0.00 -5.02 *
0.117 -2.43 0.00 -6.68 4 8
0.121 -2,61 0.00 -8,27 f
0.125 -2,72 0.00 -9, *0
0,128 -2.85 0.00 -10.96 0 *

0.131 -3.02 000 -1106 0f
0,136 -3, 18 0.60 -12,55 4 0
0,140 -3,29 0,00 -13.19 4 0
0,144 -3.30 0.00 -13.89 4
0)148 -3.29 0.00 -14,61 f
0,152 -4,03 0,00 -15.20 + *
D.156 -5.19 0100 -15.44 4
0160 -6.03 0,00 -15.05 f 0
0.164 -6.49 D.00 -14.19 4
10.160 -5,70 0.00 -12,61 4 *
01172 -3,69 0 00 -10.48 a 0 .
'-176 -2.38 0.00 -7.41 + ,

* i
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OCCUF'AN• OSMENT ACCELERATION
(IN ACCELEROHETER DIRECTIONS)

TIME HEAD
(SEC) X (B) Y (0) 1 (0)

t 4 SCALE FACT0R 0,294E401

04000 0.00 0.00 0,00

0,004 -0,34 0.00 -106 + *•
0-000 -0.34 0.00 -08l 4 to
0.013 1401 0,00 -0+14 4 *
0,016 -0,69 0400 -0.03 10
0.021 0,25 0.00 0170 3$4
0,025 -0.03 0o00 0,04 - +
0,029 -0,06 0.00 0,63 '+
0.032 0,05 0,00 0.19 .
0,037 0,33 00O0 +0|4 +
0,041 0464 0.00 -1,04 4 1

010417 019 0400 -10h41 4 *
0.00 1.29 0,00 -1250 $
0.053 0.60 0,00 -1.24 4 •
0.051 0.?1 0.00 -0,63 4 •
0,001 2,20 0.00 0-29 +
0,064 21.9 0400 101 4 4 !
01064 2156 0.00 hI74 4 4
0.073 2-17 0400 20.64 0 a

0,077 2,75 0.00 2126 0 +
0.09! 2.18 0.00 2.14 $ 4

0.105 3-23 0.00 2177 + $,
0,009 3,17 0100 i,07 f t •

01093 2,74 0.00 0,74 4$*
0,097 2,6f 0100 -1126 $

0.172 2,52 0.00 -,196 f *
0.106 2-43 0.00 -4172 00 $
0109 2,23 0|00 -6036 + 6
0.113 t,96 0.00 - -,Bt 10,117 1h65 O|OO "|0196 •
01121 h,29 0.00 "12,96 +•
0,125 0,86 0,00 -14.79 +
0,1i2 0.5t 0,00 -16,21 4 S
01112 0,13 0,00 "17#54 + .
0.136 -0,25 0,00 -19.48 + I
0.140 -0465 0.00 "19.06
od|l4 -h10Y 0400 -1Y145 +
0.148 -t,56 0.00 -|9.85 +
0o152 -1079 0100 -20,36 4
011%6 "1,89 0.00 "20,80 +
0,t60 -2.15 0,00 -21,34 +
0,164 ".2.37 0,00 "21,44 1
0,16B -2180 0.00 -20,57
0.172 -3,21 0.00 -19,J4 i
0,176 -3.06 0.00 -17.00 4
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OCCUPANT SEONEN8 ACCELERAI1ON
(RESULTANTEI

TIE FELVIS CHEST HEA['
(SEC) (0) (0) (0)

I + SCALE FACPIO 0,257F.101

S0,000 0.00 0.00 0.00 +

0.004 0,26 1.10 i.t .1 1
0.000 0.55 0,42 0.95 •
0.013 2.16 3.15 1,02 1 6
0.016 2.42 t.83 0,69 I $
0,021 1.79 1.02 0.74 1 .
0,025 2.50 1,50 0.84 4 , a
0,029 31i4 1036 0,63 4
C,032 3060 1.31 0,20 ÷

01037 4.30 1.55 0.60 1 + $
0,041 5.01 1189 1.22 , +
01045 5,03 2410 1171 0 = 42

0.049 6.55 2.13 t.98 f s
0,053 7.16 2.15 2-03 f $
0.057 7,66 2.38 2.00 " +
0,061 8,09 2.84 2x2. 6 *
0,064 8.30 3.25 2.59 0 *
0,069 0,48 3.97 3.10 ,+ $
('1.013 9,9 4.44 3.42. +• 0,077 0,47 4.70 3,56 +

0,081 8,27 4,66 3,49 j 4
0,065 7,90 4.49 3.64 1 * *
0,069 7,45 3489 3436 f $

0.097 6.38 2.39 2,96 4 f t
0.101 5.74 2.04 3.96 . 4 $
0.105 5.09 2.66 5.31 $ $6
0.109 4.51 3.95 7.12 f
0.113 4.09 5.50 9.08 6
0,117 4.01 7.11 11.0B + 0
0.121 4.44 8.60 13.02 1 •
0,125 4,86 10.12 14.62 * • + m.0,112 5.37 11,33 16,22 $ 4r ''?
ý,132 "'30 12.24 17.54

0.136 7,76 12.9 18,48 4 -
0.140 9,16 13,60 19.07 * 4
0,144 10,23 14.27 19.48 f * 0
0,148 10.71 14.98 1V.91 8 8
0.152 10,33 15•73 20.44 8 +
0,156 9,53 16,29 2019? $ 0
0.160 8.82 16.21 21.45 1 +
0.164 6.14 15.59 21,62 4 * 4
0,160 7.12 13 90 20,76 , +
0,172 3,54 11111 19,61 1$
OJ6 4.52 7.76 17,27 1 * + 4
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RESTRAllf SYSTIE LOAD

TIME RIGHT LAP LEFT Li
(SEC) (LI) (LM)a W FAC"TORl •0.11M#4•2

fo e4 o 1 4 .e 0e~ 00k : Io e t I #4 '4 6o o 6 0 0 # .I . o. o . * .0 . ..e e ....c . .o .e 0 # 0e .. .e 6 6 .o 40.li .46 t e Q4 4 ... . eo f ~ i ..eX00 .. t .ee. .. |..

0000 0.00 0,00 •
0.004 1.92 1.60 •
0.006 9.40 9.41 .a
0.013 25.73 26.31
0.016 49.09 49.6 P,
0.021 8569H 0920
0.025 127.90 133.15 S.
0,02? 175.00 192.65
0.032 219,20 228.02 *.

0.037 273.67 286,55 *

0.041 321.20 336.14 4 •
0.045 365.66 94,*02 * $
0,049 405.46 426.38 4 a

0.053 430.5 461.1f S
0,057 463,27 4118933 i
0.061 477.25 50,149 *
0,044 481,39 5M0.91 l •
0,049 475•.3 506.89 * 8
0.073 461,41 493.67 * ',
0,077 441,11 474o45 * "
0.011 417.65 451.57 . a
0.015 394.04 426.23 11 a

"0,009 372,92 407402 9 a
0,093 356,3 3190.39 1 a
0097 347,15 799 .s * a
0.101 345.92 377.19 S
0.105 354.10 384.04 S ,
0.109 372.24 400.72 s a
0.113 400.21 427.22 .*
0.117 437.35 462.93 S 9

0.121 462.01 506.13 8 9.
0.129 576.59 597.26 *9
0,132 627,93 647.74
0.136 678.58 697.81
0.140 725.31 744.19 $ .'
0,144 /64.74 783.37 *•.'

0.148 794.22 313,36 S•9
0.152 912.45 W3.29 S
0.156 819.93 40.91 8
0.160 816.55 839.14 l •
0.164 791.66 823.46 S 9
0.168 763.27 790.17 t "
0.172 710.27 739. * I .4

0.J76 647.93 681.19 9 a

-A,.7
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SEVERITY INDEX

TIME CHEST HEADY
SSCALE FACTOR 0,101E#02

0,00 0.00 0000
0.004 0.03 0,01
0,008 0.05 0.01 •
0.013 0.09 0.02
0,016 0,12 0.02
0,021 0.15 0.02 *

0,025 0.16 0.03
01029 0,17 0.03
0,032 0.18 0,03 '

0,037 0.19 0.03
0,041 0,20 0.03
0,045 0.22 0,04 *

0.049 0.25 0.06
0,053 0.27 0.09
0.057 0ý30 0.11
0,061 0.34 0013 *

0.064 0.40 0.17
0.069 0.50 0.22
0.073 0.63 0.29 .t
0.077 0.81 0.39 .0
0,081 1.00 0,48 N$
0.085 1.17 0,59 It
0.089 1.32 0.65 ,,
0.093 1,44 0,71 It
0,097 1.47 0,76 I=

0.101 1.52 0.95 .0
0.105 1.55 1,03 ,.4

0.109 1.63 1,42 .4
0.113 1.82 2.17 .
0.117 2.23 3.47 1-
1.321 2.93 5.50 * *
0,125 4.03 8,41 . 0
0.128 5,12 11.22 1
0.132 4.94 15,81$ •

0.136 9.12 21.25 1 *
0.140 11,61 27,32 1
0.144 14.43 33,81 $
D.140 '"Ao 40.64 !
0,152 21,19 47.8 $ 0
0.156 25.21 55.63
0.160 29.51 63.84 1 0
0.164 33,66 72.46 $--
0.168 37.26 30.00 1 0
0.172 39.05 89.31 1,0
0,176 41,20 94.48 1 0

I. %
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AXIAL LOADW IN VERILPRAL ELEHENTS

TIME LWdJAR MECK
(SEC) ULI) (LU)

* . SCALE FACTOR £ 0,13lEF•3

0.003 000 0.00
0,004 -12.26 -0.37
0,000 -35.69 .-2.46
01013 -65.7 -7.79 $ u
0.016 -8.0 -13.?,37 .. U
0,021 -101.1 "9 , $ . .

0.025 -99.83 -21,7? $ S .
0,029 -82.25 -19,29 $ *.
0.032 -5S.62 -13.02 34klm

0.037 -14.75 -4.92
04041 19107 2.48 1

0,049 34,24 9073 ,

0.053 8.90 7M40
0,057 -32.22 0.85 $ =
0,061 -98171 -8,40 1
0,064 -126,94 -16,41 t .
0.069 -179.33 -24.72 * 1
0M073 -21437 -29,16 $ I
0,077 -235.24 -30.48 I I
0.091 -239.79 -28.72 * 1 1
0.005 -223,1 -23.08 1

i -. 0,089 -187409 -15.96 $
0.093 -130.92 -4.41 $
0.097 -56.05 10.61 * ,,
0.201 31,12 29.05 4

0.105 130.31 50,26 .

0,109 237.22 73.29
0.113 347.04 97,t0
0.117 455,21 120,71 =
0.121 558,19 143,29 8 $
0.125 653.28 164,2t . A
0,128 724.23 180.69 . t
0.132 796.90 196.30 , 9
0,136 93262 207,48 t Si%0.140 869,21 214,48 ,

0,144 904.41 21975
0.148 941,22 224.39 . $
0,152 975.33 231,09 .

0.•56 994,96 238.31 . 0
0,160 987.27 24.t16
0.164 946.07 245,31 *

0,168 871,44 240,30 , *
0,172 766,01 220.46
0,176 607,72 2055. 1

C-41 I
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MOMENTS IN VERTEBRAL ELEEHOTS

TIME LUMBAR NECK
(SEC) (IN-LB) (IN-LB)

0 aSCALE FACTOR 0.202[403
0,000 0.00 Ob0.00•

0,004 -20ll 160 i

0,008 -27,92 0.41 * •
0.013 -24,76 O0O0 I
0,016 9,31 0.04
0,021 27,69 5,20 -
01025 78140 0.67 t ,."

04029 79.20 14,70
04032 59.09 15.43
0,037 14.75 89.6 51
0,011 -32,35 -",19 * a
0.045 -90,59 -23.60 5 a,

0,049 -156,39 -43493 * a

00•53 -223.92 -63,17 1 '

0,057 -286,67 -79,14 * a

0.061 -339,05 -90.01 *
0,064 -374.44 -95.05 0 -
04069 -404#79 -97t79 4

0:073 -41801 -?141 $ a
0077 -419,31 -"Y530 a
0,091 -404,79 -92,50 $ a

0.099 -356.99 -97.06 m a
0.085 -3594 -".10 6
0,093 -322,44 -87,46 •
04097 -290032 -9149 1
0,101 -230,10 -100.32 * a

0,105 -172.71 -113.42 S a
0,109 -110#31 -13h07 let

0.1t3 -44.11 -152.99 a t
0,117 23.99 -175.96 .,

0.121 92,13 -1?9943 " .

0.125 152409 -221.57 * 1
0,129 185.79 -239.22 1 K
0.132 213.18 -257,71 ,"-
0.136 239.01 -273,10 * 0
0,140 269.02 -283,26 * $
0.144 303,11 -286,84 t",
0.148 337.30 -294,46 * $
0.152 402.22 -282,09 1
0.156 554.35 -299.29 8
0.160 794,10 -300,53
0,164 1074.19 -309,31 " ,

0.168 1327.30 -303.66 a $
0.172 1476,12 -279.19 I
0,176 1329.00 -236.26 f 0

'A'
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I

FORCES APPLIED TO SEAT DY OCCUPANT

TINE SEAT CUSHION (LB) BACK CUSHION (LB)
(SEC) FSC(1) FSC(2) FSC(3) FWC(D) FIC(2) FK(3)

0,000 135.87 0.00 0.00 17,54 17,54 0.00
0,004 131427 0.00 0.00 11.57 10.39 0,00
0000 129,50 000 ,00 00 0 0 0 ,00 0.4) l 000
0.013 132,06 0,00 0.00 0.00 0.00 0,00
0,016 138.72 0,00 0.00 0.00 0,00 0,000
0,021 153.68 0,00 0.00 0.00 0.00 0.00
0,025 172,41 0.00 0,00 0,00 0.00 0.00
0.029 199,77 0,00 0.00 0.00 00 0. 00\
0,032 231,91 0,00 0,00 0,00 0.00 0,00
0,037 282,48 0.00 0,00 0,00 0.00 0,00
0.041 333,85 0.00 0.00 0.00 0.00 0.00
04045 388.14 0,00 0.00 0.00 0,00 0.00
0,049 444.88 0.00 0.00 0.00 0100 0,00
0.053 504669 0,00 0,00 0,00 0.00 0,00

0,064 683072 0.00 0.00 0,00 0,00 0.000,0694 745,45 0,00 0,•o 0,00 0,00 0,000

0,07 790.84 33.50 33.50 0.00 0.00 0.00
0,077 819,90 48,66 4866 0,00 0,00 0.00

•0,001 825,96 62074 62074 0,00 0,00 0,000

S01095 804,71 75 ,29 0 00 0 ,00 o..- 0,08? 751M9 B5*81 85,B1 0,00 0,00 0,00 .

0,093 683,23 93.83 93,83 0.00 0,00 0,00
0.097 592.66 99o13 99.13 0.00 0.00 0.00
0,101 491,49 101,41 101M8 0#00 0100 0,00 %

0,105 386,52 102,14 102,14 0,00 0,00 0100
0#109 283,28 100.55 100.55 0,00 0.00 0.00
0,113 186,01 97,59 97059 0,00 0,0) 0.00
0,117 97#07 93,99 93#99 0,00 0,00 ,0 ;.l.

0,121 21.17 90.56 90,56 0,00 0.00 0,00
06125 0,00 88,17 88,17 0,00 0.00 0,00
0,128 0,00 86,77 86077 0.00 0,00 0,00
0,132 0.00 86,01 86,01 0.00 0,00 0.00
0,136 0.00 87,14 87,14 0,00 0.00 0.00
0.140 0,00 91,35 91,35 0,00 0.00 0,00
0,144 0,00 99.6 9946 0,00 0,00 0.00
0.148 0.00 112,79 112.79 0.00 0,00 0,00
0,152 0.00 131.99 131,99 0,00 0,00 0,00
0,156 0,00 159.16 159,16 0,00 0,00 0,00
0.160 0,00 195.43 195,43 0,00 0,00 0.00
0#164 0.00 241421 241.21 0.00 0,00 0#00
0,168 0,00 2,79 29579 0,00 0,00 0,00
0,172 0,00 357,07 357,07 0,00 0.00 0,00
0,176 293,29 413M0. 413.01 0,00 0.00 0.00

..... . C-43.



FORCES BETMEEM FEET AND FLOOR

TIME RIGHT LEFT
fSEC) x y X Y yZ

0.000 0.00 0.00 0.0 0.00 0.00 0.00
0#004 0.00 0.00 6,57 0.00 0,00 6.57
0.40 -2.28 0.00 16,76 -2429 0.00 16.76
0,013 -7.04 0.00 28.26 -7,04 0.00 29.26
0.016 -9,65 0,00 34,62 -9.65 0.00 34.62
04021 -10.00 0.00 39.99 -10.00 0,00 39.99
0,025 -11.15 0.00 44-63 -11,15 0.00 44.63
0.029 -13,09 0.00 52,36 -13.09 0.00 52.36
0,032 -13,54 0.00 54.16 -13.54 0,00 54,16
0.037 -11,40 0.00 45,62 -11.40 0,00 45,62
0.041 -8.56 0.00 34.26 -9,56 0,00 34.26
0*045 -7.94 0.00 31,78 -7,94 0,00 31,78 %
0,049 -10M25 0.00 41,00 -10.25 0.00 41,00 4.

0.053 -13,32 0.00 53,30 -13,32 0.00 53.30
0.057 -14,26 0.00 57,06 -14,26 0.00 57.06
0.061 -10,63 0.00 42,55 -10.63 0,00 42,55
M0064 -4,6 0.00 18,24 -4156 0.00 18,24
0.069 0.00 0.00 0,00 0,00 0,00 0.00
0,073 0,00 0,00 0.00 0.00 0.00 0.00
0M077 O.OO 0*00 0.00 0.00 0.00 0.00
0,001 0.00 0:00 0,00 0:00 0.00 0:00
0,093 0.00 0.00 0,00 0.00 0.00 0,00
0,097 0. 0 00 0.00 00.0 0 0.00 0.000
0,109 0,00 0.00 0.00 0.00 0.00 0.00
0,109 0.00 0,00 0.00 0.00 0,00 0,00

0,109 0.00 0,00 0.0 0 0.00 0,00 0.00
0#113 0.00 O0OO 0,00 0.00 0.00 0,00
0.117 0.00 0,0) 0,00 0.00 0.00 0,0000 ol.' ,.
"04121 0.00 0,00 0.00 0.00 0.00 0,00
0-117 0.00 0,00 0,00 0.00 0,00 0.00

i'+0.1128 0.00 0,00 0,0 0.0 000 000,121 0.00 0.00 0,00 0,00 0 .00 0,00
0#128 0.00 000 0,00 0.00 0,00 0.00
M0,14 0,00 0,00 0,00 0,00 OO0 0,00
0,144 0.00 0.00 0.00 0,00 0.00 0.00

0.14 0.0 0 ,0 000 oso 0 0 .00f 0,00 C0900,144 0.00 0,00 0,00 0,00 0,00 0,000#10 0,0 0o,0 0,0o, o loo o l,® coo
0o,15 oloo 0600 0o.0 osO oo o ~0o,0o

0.156 0.00 060j, 0.00 0.00 0.00 0.00
0.160 0,00 0,00 0.00 0,00 0,00 0.00
0,164 0.00 0,00 0.00 0.00 0,00 0.00
0,169 0,00 0.00 0.00 0,00 0.00 0,00
0,172 0.00 0.00 0.00 0.00 0.00 0.00 "'•'
0,176 0.00 0.00 O 0.0 0,00 0,00 0,00

,, V . .?,%', ,,4
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AIRCRAFT DISPLACEMENT

TIME
(BEC) X (IN) Y (IN) Z (IN)

, + SCALE FACTOR * 0,354E+I01

*0.000 0.00 0.00 0,00 +

0,004 1.44 0.00 0.00 +
04009 2,96 0,00 0,00 + f
0.013 4.43 0,00 0,00 $
0.016 5.61 0.00 0,00 4 $
0.021 7.09 0.00 0,00 + $
0.025 8,37 0.00 0.00 + $
0.029 9.61 0.00 0.00 I t
0.032 10,67 0000 0.00 + $
0,037 11198 0,00 0400 f
0041 13,11 0,00 0,00 f $
00045 14,20 0.00 0,00 + *
0,049 15,26 0.00 0,00 + *
0,053 16127 0.00 0.00 * 1
0,057 17.26 0.00 0,00 + *
0,061 18,20 0,00 0,00 +
0.064 19.oo 0.00 0.00 + ,
o0o69 19.9 00 0.000 , +
01073 20.81 0,00 0.00 + *
0,077 21.60 0.00 0.00 + 1
01091 22.36 0.00 0.00 + 9
0,08b 23.08 0.00 0.00 + ,
0.089 23.77 0100 0400 + s
0,093 2442 0.00 0.00 + *
0,097 25,03 0.00 0.00 + -a 0,101 25j60 0.00 0.00 + *
0.103 26,13 0.00 0400 + *
0,109 26,63 0.00 0.00 +
01113 27,09 0.00 0.00 +
0.117 27.52 0.00 0.00 + $
0.121 27.91 0,00 0,00 +
0,125 28.26 0.00 0.00 + $
0,120 28.53 0.00 0.00 + I
0.132 28.81 0.00 0,0 +.
0.136 29.06 0.00 0.00 4 *
0.140 -,26 0,00 0.00 + .0.144 29,43 0.00 0.00 4 N
0.148 29.57 0.00 0.00 f *
0.112 29.66 0.00 0,00 f
0,156 29,72 0100 0.00 + *
0,160 2975 0,00 0,00 +
0.164 29.75 0.00 000 4 +
0,169 29.76 0.00 0.00 +

S0.172 29.76 0:00 0:00 +
;'.'lO, 6 29,06 0, 00 0,00 +

*~%\
Vr._
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AIRCRAFT VELOCITY

(SEC) X (FF9) Y (FPS) Z (FF9)
0 0 SCALE FACTOR, 0.357EI01

t ttg., t iee,t t1 tIttt ci,,, ii ,, | c c , .,t , i !s t,, , tc. gi, ,t ,,g t g 6;ig eg I, , egeg, tiee c t t , ,, g e g gg ce,,,,,t , eg,,, egec,, I t ,t glic gg egg , el,

0.000 30.00 0,00 0.00 4 t
0.004 29.,5 0.00 0.00 + I
0,000 29.39 0,00 0,00 0 $
0,013 28.b5 0,00 0.00 *
0,016 27.07 0,00 0,00 + _
0,021 27.01 0100 0,00 +
0,025 26.73 0,00 0.00 + *
0o029 25.46 0.00 0,00 + *
0.Y32 24.78 0.00 0,00 1 -
0,03? 23,91 0,00 0.00 + *
0,041 23,14 0100 0,00 + ,
0,045 22.37 0,00 0,00 4 ,
0,049 21.60 0.00 0.00 + k
0,053 20,92 0,00 0.00 + 4
0105? 20,05 0,00 0.00 + 5
0,061 19,28 0.00 0,00 + S
0.064 09,60 0,00 0,00 + 8
0,069 17,73 0100 0.00 + 8
0 073 16496 0.00 0,00 4 0
0,0"7 16,19 0.00 0,00 f
0,109 15,41 0,00 0.00 + *
0,08.5 14.64 0100 0,00 1 *
0.089 0397 0.00 0,00 + *
0,093 13,09 0.00 0,00 f 8
0,097 V2ol! 0,00 0,00 4 .
0o10: 11.U 0100 0.00 4 $

,1t05 iv.79 0.00 0.00 + 8
0,109 10.00 0.00 0,00 4 ,
0,113 9,03 0,00 0.00 f 0 ,
0.117 Boil. 0.10 0,00 4 $
0.121 7.69 0,00 0100 4 ,
012~5 £.92 0.00 0.00 + *
0.129 4.24 0.00 0,00 +
0.1O,2 5,4u' 0,00 0.00 + *
0,136 4.,6? 00•0 0.00 + f
0.140 3,• 0.00 0.00 + '..'
0,144 3.15 0.00 0.00 + .
0(149 2,37 0.00 0.00 + ,
0,152 1.60 0.00 0.00 + 0 ,
0.156 0.44 0.00 0.00 10
0.160 0.30 0.00 0.00 ft
0.164 0.06 0.00 0.00
0,169 0.05 0.00 0.00 f.o!"
0.0/2 0.05 0.00 0.00 1
0.176 0.05 0.00 0.00 +

'Ji

C-46



AIRCRAFT ACCELERATION

(SIC) 0 (0) Y 0)2 z (0)
* * + CALE FACTOR 0,414400

0 00 0.0 0.f00
01004 -2.40 0,00 0.00
01000 -4.00 0,00 0.00*

N O ~ I0.013 -6.00 0.00 0.00 * f
0.045 -6.00 0.0 0.0 #
0.021 -6.00 0.00 0.0 $
0.023 -6.00 0.00 0.00 f
0.0027 -6,00 0,00 0.00 +
0.001 -6.00 0,00 0.00 t
0.037 -6.00 0.00 0.00 $ +
0.069 -6.00 0,00 0.00 $

0.043 *6o00 o,00 0.00 $ +
0.085 -6.00 0.00 0.000
0,057 -6.00 0,00 0.00 1 4
0,006 -6.00 M.0 0.00 1+
0.064 -6.00 0.00 0.00 t*

400069 -6400 0,00 0.00 # +

0.2013 -6.00 0.00 0.00 1 +
0,005 -6,00 0.00 0.00 1
0.20? -6.00 0,00 0600 * +
0.203 -60t.0 00

.17 -6.00 0.00 0.00 *
0,029 -6,00 0.00 0.00 *+
0.125 -6100 0.00 0.0 $
0,027 -6.00 0,00 0.00 1
0.101 -6.00 0.00 0.00 +
0.136 -6.00 0,00 0000 1

0.149 -6.00 0.00 0.00 *+

0.164 -060O 0.00 0.00 * +
0.168 0.00 0.00 0.00

0.172 06.00 0.00 0.00

0.144 06.00 0.00 0.00

0114 -600 Olo 0.0 8

0.5 640,o oo

0.5 5,0,oo 00

4L
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FINAL OENERLIZED COMMINATE8

J W(J) OW(J) HOW(J)
I 5#0507D+01 M20•200• -1,7772043
2 2,14331)401 -7616251H.01 -1#1514D+03 •

3 9,4279D-01 2,9192+000 -143700102
4 1,1379D+01 -1,7507WO0 -1,3752D+03
5 10030•+00 1,26910+01 -",7898DfOl
6 6,5941D+00 -4,.#000+00 -o.2097D+027 lol5+0o 16,9811o0 2o,566om2 ... %.
8 1,02460-01 -6.70543+00 -2,4399D+02 ;.

9 3,80305-01 -8,2602D300 -5,4270D+01
10 2.21101-01 -2460490+00 -1.4543D102
11 -8,B514D-01 -7,7.i95+00 -107876D+01

Iv~
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APPENDIX D

PROGRAM STRUCTURE

The overall organization of Program SOH-TA is illustrated in figure D-1. The
main program controls the overall solution procedure by calling two individual
sets of subroutines, one for the occupant segments of the program, and the other
for the seat segment of the program. Detailed descriptions of the occupant
subroutines are presented in section D.1, and the seat subroutines in section
D.2.

At the start of execution, the main program calls subroutine INPT to read input
data for- the occupant model and subroutine READIN for seat input data. Subrou-
tines CONST and INITIL calculate constants and determine initial values of gen-
eralized coordinates for the occupant, and subroutine ASSBLE performs preliminary
calculations for the seat model. Then, a solution loop is entered at initial
time and passed through for each time step. During each pass through the solu-
tion loop, subroutine RKAM advances the solution for the occupant equations of
motion one time step and provides forces to be applied to the seat model by
the occupant. After the call to RKAM, if the finite element seat model is being
used, subroutine SOLVE advances the solution by the seat structural analysis
to the same poin't in time that has been attained by RKAM. At time intervals K,' /

selected by user input, subroutine ANSWER stores, in arrays, user-selected items
of output data. Data for post-processing plot programs are written on external
files 14 and 20 for the occupant and seat, respectively. Additional data are
written on unit 26, as described in section 3.4. These files must be saved if
plots are desired.

D.1 OCCUPANT SUBROUTINE DESCRIPTIONS

The relationship among the subroutines in the occupant segment of the program
are illustrated in figure D-2. Individual subroutines are described below.

0.1.1 Subroutine AMATRX. Called by EQUATE; calculates elements of the inertia
matrix [A] for three-dimensional occupant model .

D.1.2 Subroutine AMATX2. Called by EQUAT2; calculates elements of inertia
matrix for two--dinsifonal occupant model.

0.1.3 Subroutine ANSWER. Called by MAIN; calculates accelerations AC(I, J) .-.

of body segments in the inertial coordinate system and tranforms accelerations
to segment-fixed coordinate systems. Calculates severity indices and organizes
position, velocity, and force data for output. Writes plot data on units 14
and 26. If data filtering is requested by user input, ANSWER writes occupant ,I
accelerations on unit 9 and seat accelerations on unit 10 for subsequent filter-
Ing by subroutine OUTPT.

D.1.4 Subroutine ARCRFT. Called initially by INPT, then by POSTON; calculates
current acceleration components at aircraft floor (ACC(J), J = 1, 3) based on
input acceleration pulses. Integrates acceleration to determine velocity (in
aircraft coordinate system) and displacement (in inertial system). When time

-P• is greater than the input pulse duration, acceleration is set to zero, so that
velocity then remains constant.

D.-
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D.1.5 Subroutine AUXSUB. Called by RKAM (also initially by MAIN); calculates
derivatives and forms two 1 x 2N arrays of variables and derivatives:

V(1) Q(1) DER(1) = QD(1)

... .

V(N) Q(N) DER(N) QD(N)
V(N+I) = QD(1) DER(N+I) = QDD(1)

V(2N) = QD(N) DER(2N) = QDD(N) I
where N is the number of degrees of freedom, either 12 for the two-dimensional
model or 29 for the three-dimensional model. The velocity and acceleration of
the DRI model are assigned to DER(2N+I) and DER (2N+2), respectively. If the
two-degree-of-freedom energy-absorbing seat model is used, its velocities and
accelerations are assigned to DER(2N+3) through DER(2N+6).

EQUATE is called to provide values of the derivatives (the generalized velocities,
QD(J), and accelerations QDD(J)). RKAM then integrates the two systems of first-
order equations.

D.1.6 Subroutine BMATRX. Called by EQUATE; calculates elements of velocity-
dependent vector {B} for three-dimensional model.

D.1.7 Subroutine BMATX2. Called by EQUAT2; calculates elements of vector {B}
4, for two-dimensional model.

D.1.8 Subroutine BUCKLE. Called by FORCES; determines position of point of
intersection between abdominal contact surface and thigh contact surfaces (pro-
jected on X-Z plane).

D.1.9 Subroutine CABIN. Called by INPT; computes coordinates for image of
seat in front of that being modeled. These coordinates are then available for
use by passenger plot program.

D.1.10 Subroutine CONST. LCalled by INPT, once for each passenger; based on
input data, calcurates values of parameters that remain constant throughout
program execution. These constants include functions of occupant dimensions
used in the equations of motion and joint resistance parameters.

CONST also writes occupant dimen;,.)ns on unit 14 for plotting.

D.1.11 Subroutine EQUATE. Called by AUXSUB for the three-dimensional occupant;.
uses latest values of generalized coordinates and velocities to calculate terms in

4'W occupant equations of motion. Solves equations of motion for accelerations QDD(J). •'

D-4 U
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Calls AMATRX, BMATRX, VMATRX, RMATRX, AND QNATRX in setting up the equations• of motion and calls LINV3F for their solution.

D.1.12 Subroutine EQUAT2. Called by AUXSUB for the two-dimensional occupant;
uses latest values of generalized coordinates and velocities to calculate terms
in occupant equations of motion. Solves equations of motion for accelerations
QDD(J).

Calls ANATX2, BMATX2, VMATX2, RMATX2, and QMATX2 in setting up the equations
of motion and calls LINV3F for their solution.

D.1.13 Subroutine FOBODY. Called by FORCES if IRSYS = 0 for lap belt only;
checks fur heia eg and chest/leg contact. If contact occurs, the force is
calculated based on an exponential function. The components of the force are
then added to the F array already computed by FORCES.

D.1.14 Subroutine FORCES. Called by QMATRX or QMATX2; calculates forces ex-
erted on occupant by restraint system, cushions, and floor. Calculates deflec-
tion of each cushion or restraint system components and passes deflection to
subroutine LDFN for computation of force.

The forces of the floor and seat cushions include frictional components whoseA
directions oppose the current velocity of the occupant with respect to the floor
or cushion.

The forces are placed in an array (F(I, J), I = 1, 11, J - 1, 3) for use in
QMATRX or QMATX2.

If the two-degree-of-freedom energy-absorbing seat model is used, the transla-
tional and rotational accelerations are calculated.

U.1.15 Subroutine IMPACT. Called by FORCES; computes point of closest proximi-
ty between each contact surface on the occupant and seat in front. DELIMP(N,J)
is the penetration of occupant surface N into the seat back in front. If
DELIMP(N,J) > 0 the impact velocity VELIMP(N,J) 'is calculated.

D.1.16 Subroutine INITIL. Called by MAIN, once for each passenger; calculates
initial values of the generalized coordinates and velocities for the occupant
and the initial deflections of the seat. INITIL first uses input values of
GAM(J) to determine the position of the body segments i through 7. Based on
the aircraft orientation, the occupant's weight is applied to the seat and re-
straint system, and the position of the lower torso segment (X , Y , Zt) is
determined. From the X and Z coordinates of segment 1 (computed hare)'and of
the occupant's heels (from INPT) the position of the leg segments is calculated.
Throughout these computations, the body is assumed to be symmetric with respect
to the aircraft (X-Z) plane.

If the seat is initially warped so that the seat bick angle is changed, the
values of GAM(1), GAM(2), and GAM(3) are adjusted accordingly.

In the event that the input initial conditions impose unreasonable requirements
on occupant geometry, a diagnostic message is provided and execution is stopped.

D-5
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D.1.17 Subroutine INPT. Called by MAIN; reads occupant input data. A de-_ :..tailed description of input is presented in chapter 2 and appendix A.

D.1.18 Subroutine JOINTS. Called by RMATRX or RMATX2; fits a cubic curve into
the transition region of the joint stopping moments.

D.1.19 Subroutine LDFN. Called by FORCES: uses linear interpolation in a
table of force (Y) versus deflection (X) values. A description of the param-
eters in the calling sequence follows:

X a table of the independent variable, xi, such that xi+, a xi
(if II = 0)

Y the table of the dependent variable, y, = Y(Xi) (if II = 0)

N the number of entries in each of the above tables; i = 1,...N

XA the independent variable, x, for which interpolation is re-
quested

XLAST previous values of XA and YA
YLAST

ICHK index which is 0 or I depending on call during loading or un-
loading

"XCURV point on loading curve from which unloading started -

YCURV

C unloading slope, used only if IUNLD = 2.

YA the dependent variable, y = y(x), being determined

IUNLD index which is 2 if unloading slope, C, is to be used, I if un-
loading proceeds along basic loading function.

,'.•.•._.-

D.1.20 Subroutine LINV3F. Peforms matrix decomposition, matrix inversion,
linear equation solution, and determinant evaluation:

A Input/output matrix of dimensions N x N. See parameter IJOB.

B Input/output vector of length N when IJOB = 2 or 3. On input,
B contains the. right-hand side of the equation AX = B. On out- i. -

put, the solutiun X replaces B. Otherwise, B is not used.

IJOB Input option parameter. IJOB= I implies when ,'.

I = 1, invert matrix A. A is replaced by its inverse. k

I = 2, solve the equation AX B. A is replaced by the LU
decoip•,,ition of a rowwise permutation of A, where U
is upper triangular and L is lower triangular with
., unit diagonal. The unit diagonal of L is not stored. .

,. - , .. ' '
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I = 3, solve AX B and invert matrix A. A is replaced by
its inverse.

I = 4, compute the determinant of A. A is replaced by theLU decomposition of a rowwise permutation of A.

N Order of A. (input)

IA Row dimension of A as specified in the calling program. IA must
be greater than or equal to N. (input)

DI,D2 If DI is non-negative on input, then D1 and D2 will be components
of the determinant on output such that determinant (A) = Dl*2**D2.

WKAREA Work area of length at least 2*N when IJOB = I or 3. Work area
of length at least N when IJOB = 2 or 4.

: -3•I ER Error pa ramete r.

Warning with fix = 64+N.
N 1 1 indicates that IJOB was less than 1 or greater than 4.

IJOB is assumed to be 4.
Terminal error = 128+N.

N = 2 indicates that matrix A is algorithmically singular.

D.1.21 Subroutine LUDATF. Performs L-U decomposition by the Crout algorithm
with optional accuracy test.

A Input matrix of dimension N x N containing the matrix to be de-
composed.

LU Real output matrix of dimension N x N containing the L-U decom-
position of a rowwise permutation of the input matrix.

N Input scalar containing the order of the matrix A.

IA Input scalar containing the row dimension of matrices A and LU
in the callihu program.

IDGT Input option.
If IDGT is greater than zero, the non-zero elements of A
are assumed to be correct to IDGT decimal places. LUDATF
performs an accuracy test to determine if the computed de-
composition is tho exact decomposition of a matrix which
differs from the given one by less than its uncertainty.

If IDGT is equal to zero, the accuracy test is bypassed.

i DI Output scdlar containing one of the two components of the deter-
minant. See description of parametet D2, below.

D2 Output scalar containing one of the two components of the deter-
ininant. The determinant may hb evaluated as (D1)(2**D2).

,%
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I PVT Output vector of length N containing the permutation indices.

EQUIL Output vector of length N containing reciprocals of the absolute
values of the largest (in absolute value) element in each row.

WA Accuracy test parameter, output only if IDGT is greater than
zero. See element documentation for details.

IER Error parameter.
Terminal error - 128+N

N a 1 indicates that matrix A is algorithmically singular.
Warning error = 32+N

N = 2 indicates that the accuracy test failed. The computed
solution may be in error bymore than can be accounted
for by the uncertainty of the data. This warning can t%7
be produced only if IDGT is greater than 0 on input.

D.1.22 Subroutine LUELMF. Performs elimination part of solution of AX B,
in full-storage mode

A The result, LU, computed in the subroutine LUDATF, where L is a
lower triangular matrix with ones on the main diagonal. Y is
upper triangular. L and U are stored as a single matrix A, and
the unit diagonal of L is not stored.

B B is a vector of length N on the right-hand side of the equation
AX = B.

IPVT The permutation matrix returned from the subroutine LUDATF,

stored as an N length vector.

N Order of A and number of rows in B.

IA Number of rows in the dimension statement for A in the calling
program.

X The result X.

D.1.23 Subroutine OUTPT. Called by MAIN; writes output data, along with head-
ings, on output file. The parameter IOUT(J) from input determines whether the
output file receives data of Type J. For example, output category no. 1 is
occupant segment position information. If IOUT(1) = 1, these data go to output; _____

if IOUT(1) = 0, they do not. Also performs filtering of acceleration data if
requested in input.

D.1.24 Subroutine PLOTT. Provides printer plots for up to three dependent,
continuous, single-valued functions (Y1, Y2, Y3) against an even-incremental
independent variable (X).

W AN*
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M The number oF dependent variables (1, 2, or 3).

NP The number of points to be plotted for each dependent variable.

X The independent variable.

Y1 The dependent variables.
Y2
Y3

D.1.25 Subroutine POSTON. Called by QMATRX or QMATX2; uses equations of the
form 4-

t•..

X X

YY T 'Yn
Z zn •y

to compute absolute positions of 29 points on body (XC, YC, ZC) Computes posi-
tions of same 29 points in aircraft coordinate system (XCA, YCA, ZCA). Calcu- .
lates velocities (XCDA, YCDA, ZCDA) for output.

D.J.26 Subroutine QMATRX. Called by EQUATE for three-dimensional model; calcu-
lates elements of generalized force vector lQf(. Calls FORCES for computation
of external forces acting on occupant.

D.1.27 Subroutine QMATX2. Called by EQUAT2 for two-dimensional model; ralcu- "•
lates elements of generalized force vector )Qf(. Calls FORCES for computation
of external forces acting on occupant.

D.1.28 Subroutine RKAM. Called by MAIN; solves a set of N simultaneous, first-
order, ordinry dTfferential equations. Because of the importance of the inte-
gration scheme to the success of any dynamic analysis program, a detailed dis-
cussion of the method is provided along with the description of the FORTRAN

_, subroutine.

Method - The user is allowed an option of using either the Runge-Kutta classical
"i•*oruh-order method or the Adams-Moulton predictor-corrector method using the
Runge-Kutta method for starting the process.

The system of equations to be solved is:

= f
ji "" YN)

i 1 , 2,..., N (D.1)

•.•. Yi (Xo) :Yio .
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Let y4  be the value of y. at x = x and f the derivative of y at x x_'
and U h be the increment (step si 2e) of Me independent variable x. Then
classical Runge-Kutta fourth-order method uses the formulas

kil= hfi(xn, Yin),

1i2 =hi(xn + • ,Yin + 2 ki)'=-1

ki 3 = hfi(xn + - i h n + T k12)' (D.2)

k14 hfi(xn + h, Yin + k13)3

= : Yn+ 1 (kil + 2k2 + 2ki 3 + ki 4 )

The normal option is to continue the integration with Adams-Moulton predictor-
corrector formulas once enough back values have been generated by the Runge-
Kutta method.

The Adams-Moulton predictor-corrector formulas for the system (D.1) are

Ylin+l =Yin+ Y •n in - 59fi,n-1 + 3'fi,n-2 - 9fi,n-3) (D.3)

,n+ l ' Yi,n ( ,n+1 l ,n - 5fi,n-1 + fi,n-2) (.4)

The corrector formula (D.4) is applied only once so that only two derivative
evaluations are needed for each Adams-Moulton integration step. The starting
values needed in (D.3) are obtained using the Runge-Kutta method.

The Adams-Moulton method may be used with either a fixed step size or a vari-
able step size. The step size to be used in the variable mode is determined
from the difference between the predicted and corrected values. The integra-
tion step size is thus controlled dynamically between prescribed error bounds
so that execution speed and accuracy can be optimized. ,

Restrictions - An auxiliary routine must be provided for evaluation of the
first-order derivatives. (See AUXSUB under Calling Sequence.)

Initial conditions for both variables and derivatives must be stored in their
respective locations prior to entering RKAM.

Cal 1ing Sequence

XDP x, the independent variable

HOP h, the integration step size .

0-10

o, •-f
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VAR = N-dimensional vector of dependent variables (Y11 Y2...,I Yn

DER - N-dimensional vector of derivatives ( y0 Y2.ny

AUXSUB Name of the auxiliary routine that computes derivatives and
stores then in DER (1) to DER(N). The main program, which
calls RKAM, must contain an EXTERNAL statement. No items
are allowed in the calling sequence.

N Number of equations

OPT Option indicator, zero for AM, non-zero for RK only

EU N-dimensional vector of upper bounds from main program

EL N-diiiwensional vector of lower bounds from main program

HMAX - Absolute value of maximum allowable step size

HMIN = Absolute value of minimum allowable step size (HM4IN > 0).

ICNT - Internal counter, set to zero initially in MAIN

TEMPS = A two-dimensional, (9,N) storage region. TEMP (1,1), I = 1,
N must be set to zero initially or when restarting.

NH Index of the equation that caused halving when step size

has been reduced.

VAR, DER, and all other locations referred to in both the main program and the
auxiliary subroutine must be assigned in COMMON statements. (If the step size
were to be changed outside of RKAM, the restart flag, ICNT, should be set to
zero.) This restriction does not apply in the "RK only" mode. HMAX, HMIN,
EU, and EL are also irrelevant in this mode.

Functional Description - The subroutine employs the fourth-order Adams-Moulton
predictor-corrector method using the classical fourth-order Runge-Kutta method
to obtain starting values. .,

AM has the following advantages with respect to RK:

1. Only half as many derivative evaluations per integration step are

required to attain the same order of accuracy.

2. The local truncation error may be estimated at the conclusion of each
integration step thereby providing a means for step size control.

For each variable, the local truncation error is approximately one-fourteenth
the difference between the predicted and corrected values, that is

(c) - W (0.5)
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In RKAM, the differences D Y(c) - Y are formed and compared with
positive numbers EU. and E L fIN > E for any i, the step size is halved
provided Ih/21i >HMIN. If i<, ELi or all i and for three successive steps,
the step size is doubled provided 12h1 17 AX. (Note that h may be held fixed
either by setting HMIN = HMAX or by making EU. and EL prohibitively large and
small, respectively.) If halving is called fdr duriný the first AM step follow-
ing the three initial RK steps, the step size is halved, the independent vari-
able is set back to its initial value, and the three RK steps are repeated.
This will continue until the first AM step is successfully taken. From this
point on, halving is effected by interpolation of past data whereas doubling
is accomplisned by alternate selection of past data.

In selecting EU and EL, one should note the following:

1. The test is an absolute test. To control relative error EU. and EL
should be computed as functions of Yi prior to each integration ste..

2. Although the local truncation error in y. is not allowed to exceed

EU., this does not imply that the cumulalive error will not exceed
EU Therefore, EU and EL should depend upon the maximum allowablecurLulative error anA the nuhber of integration steps.

3. S~nce doubling h will multiply the truncation error by a factor of
2 , EL. should be chosen less than EUi/32 if the advantages of doubl-
ing ar4 not to be short-lived.

D.1.29 Subroutine RMATRX. Called by EQUATE fqr three-dimensional model; cal-
culates elements of joint resistance vector 1R . Input parameter IMAN deter-
mines whether human (IMAN = 0) or dummy (IMAN = 1) model is used.

D.1.30 Subroutine RMATX2. Called by EQUAT2 for two-dimensional model; calcu-
lates elements of joint resistance vector JR .

D.1.31 Subroutine SEATIN. Called by INPT if NSEAT = 0; reads input data re- -__

quired for rigid seat model and energy-absorbing option.

D.1.32 Subroutine VMATRX. Called by EQUATE for three-dimensional model; cal-
culates elements of force vector j Fptderived From system potential energy.

D.1.33 Subroutine VMATX2. Called by EQUAT2 for two-dimensional model; calcu-
lates elements of force vector JFpý derived from system potential energy.

D.2 SEAT SUBROUTINE DESCRIPTIONS

The relationships among thu subruutines in the seat segment of the program are
illustrated in figure D-3. Individual subroutines are described below.

D.2.1 Subroutine ASS13LE. Called by MAIN; initializes the element data storage.
The mass matrix and the initiail transformations B for the nodal coordinate
systems are assembled, and the initial values ofihe pointing vectors n, ,.
and T and the normal components (f the rigid links - are generated.

D.2.2 Subroutine ASSMBL. Called by PLSTF and BMSTF; assembles the master
stiffness inatrix in a banded iv,nnietric form. This subroutine calls subroutine

D- 12
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KADD, which adds a particular element of the square element stiffness matrix
to the banded master stiffness matrix. .,,.

D.2.3 Subroutine BASME. Called by ASSBLE; calculates the contributions to
the lumped mass matrix for beam elements and forms the initial element coordi-
nate system E for beam and spring elements.

D.2.4 Subroutine BFRCIN. Called by FRCIN: calculates the beam and spring
element deformationsi and nodal forces in the element coordinate system. Per-
forms the operations associated with the master-slave relations and transforms
the forces to the nodal coordinate system.

D.2.5 Subroutine BGEOM. Called by READIN; reads the data describing the cross-

section properties of beams and springs. Generates certain additional data,
such as segment lengths and torsional constants.

0.2.6 Subroutine BMEND. Called by BMSTF; calls MODK to calcuate the reduced
stiffness matrix due to axial force, shear, and moment discontinuity.

D.2.7 Subroutine BMSTF. Called by SOLVE; calculates beam or spring element
stiffness matrix. The principal subroutines called include BMSTF1 for elastic
material, BMSTF2 for inelastic material, BMEND for the modification of the
stiffness due to special end conditions, and ASSMBL for assembly of element
stiffness.

D.2.8 Subroutine BMSTF2. Called by BMSTF; calculates the elastic stiffness
matrix for a beam or spring element.

D.2.9 Subroutine BMSTF2. Called by BMSTF; calculates the tangential stiffness
matrix for a beam or spring element.

D.2.10 Subroutine BOUND. Called by SOLVE; applies the specified boundary con-
ditions to the assemled master stiffness matrix by calling ZERORC, which de-
letes the appropriate rows and columns of the banded mitrix. ,.. ,.

D.2.11 Subroutine CROSS. Utility subroutine; calculates the cross product of
two matrices.

D.2.12 Subroutine CRVTBL. Called by EPTSTF; contains plate bending curvature
tables.

D.2.13 Subroutine CURVAT. Called by TFRCIN; provides algebraic expressions
for curvature components at the midpoints of the three sides of the plate ele-
ments as functions of the nodal rotations.

D.2.14 Subroutine DECOD. Utility subroutine, decodes a packed word.

D.2.15 Subroutine EFFSTF. Called by SOLVE; generates the effective stiffness
with a 3 x 3 rotational mass matrix, Calls KADD, which adds a particular ele-
nment of the square matrix to the banded matrix.

D.2.16 Subroutine EPTSTF. Called by PLSTF; calculates plate element stiffness ,

matrix. This subroutine calls TRIANG for the in-plane strain-displacement
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relationship, CRVTBL for curvature, and FORMK for calculation of appropriate
elements in the stiffness matrix.

D.2.17 Subroutine ETOG. Called by EPTSTF; transforms appropriate variables
from the element coordinate system to the global coordinate system.

D.2.18 Subroutine FORMK. Called by EPTSTF; calculates the products of three
different matrices.

D.2.19 Subroutine FRCIN. Called by SOLVE; calculates internal nodal forces.
The program updates the nodal coordinate transformations B, and calls subrou-
tines TFRCIN for plate forces and BFRCIN for beam forces.-

D.2.20 Subroutine FREEFD. Called by SOLVE; calculates the external forces
including restraint system forces and forces exerted by the occupants on the
seat pan and seat back.

D.2.21 Subroutine FWARP. Called by SOLVE; modifies forces to account for
specified floor warp displacements and rotations.

D.2.22 Subroutine GENFBM. Called by LOCFRC; numerically integrates stresses
over the cross section of the beanm to obtain internal forces and moments.

D.2.23 Subroutines GENFOl/GENF02. Called by TFRCIN; computes moments and
forces at a cross section of an elastic-plastic plate (with/without) integrat-
ing through the thickness

D.2.24 Subroutine GMPRD. Utility subroutine; performs general matrix multi-
plication.

D.2.25 Subroutine GMTPRD. Utility subroutine; calculates the product of a
matrix with the transpose of another matrix.

*D.2.26 Subroutine GTPRD. Utility subroutine; calculates the product of the
transpose of a matrix with another matrix.

0.2.27 Subroutine INCODE. Utility subroutine; encodes a number into a packed '"

word.

D.2.28 Subroutine KADD. Called by ASSMBL and EFFSTF; adds a particular element
of the square matrix to the banded matrix.

D.2.29 Subroutine LOCFRC. Called by BFRCIN; calculates midplane strains, cur- V.
N vatures, nodal forces, and moments in the beam element coordinate system.

Elongation and nodal forces are also calculated for the spring in the element
coordinate system.

D.2.30 Subroutine LOCSB. Called by ASSMBL; computes the location of a parti- 4,..

cular elerment of a square mdtrix when assembled into the banded symmetric form. .' ,'

D.2.31 Subroutine MCH3. Called by SOLVE; solves the linear system of equa-
,• • tions K x F for x (displacements). The master stiffness matrix K is assumed

to be siymmetric positive definite and stored in the compressed form-, that is,
main diagonal and upper codiagonals rowwise in successive storage locations.

SD0-15
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F is the applied force vector. This is a two-step equation solver that uses
Cholesky's method. In the first step the master stiffness matrix K is factored • .
into an upper diagonal matrix U and a lower diagonal matrix L.

K =L (D. 6)

and let (D.7)

so that the linear system of equations K x--F is equivalent to

L v = F (D.8)

In the second step, equation (D.8) is solved by forward reduction for V and
finally equation (D.7) is solved for x by back substituting for V.
D.2.32 Subroutines MISES1/MISES2. Called by TFRCIN; computes hiaxial elastic-

plastic stress-strain relations using Von Mises yield criterion.

D.2.33 Subroutine MODK. Called by BMEND; modifies beam element stiffness
matrix and forces and moments for specified beam end conditions.

D.2.34 Subroutine NTOG. Called by PLSTF and BMSTF; transforms appropriate low
variables from global coordinate system to nodal coordinate system.

0.2.35 Subroutine OUTPUT. Called by SOLVE; organizes and tabulates output
for those quantities selected for output. Deformed seat model plot data are

written onto file 20 at user-selected times.

D.2.36 Subroutine PLSTF. Called by SOLVE; calls EPTSTF to form the plate
element stiffness matrix and then uses ASSMBL to assVble the element stiffness.

D.2.37 Subroutine gUAD. Called by TASME; provides an algorithm for lumping
the plate rotational inertia at the three defining nodes based on the properties
of three quadrilaterals formed in the triangle by extending perpendiculars from
the centroid to three sides.

D.2.38 Subroutine READIN. Called by MAIN; reads all input data and, if re-
quired, initializes the data files. Undeformed seat model data and model par-
ameters are written onto file 20 if requested.

.X2.39 Subroutine RESTRT. adlled by SOLVE; generates checkpoint data files
N or reads files tft cont--ain sufficient information to restart the solution pro-

cedures at specified titims. leg

SU.2.40 Subroutine SLTOMR. Called by BMSTF; transfon:s the appropriate vari-
ables from a slave node to the coresponding master node.

D-16 4A



D.2.41 Subroutine SOLVE. Called by MAIN; performs the main solution procedure.
V•, The principal subroutines called are BMSTF for beam or spring stiffness, PLSTF

Sfor plate stiffness, FREEFD for applied forces, MCHB for the solution of dis-
placements and OUTPUT for printed output and plot of selected parameters.

D.2.42 Subroutine SPRING. Called from LOLRFC; calculates element forces for
a spring element.

D.2.43 Subroutine STRES. Called from GENFBM and SPRING; provides an algorithm
for unia-al stress-strain relationship.

D.2.44 Subroutine TASME. Called from ASSBLE; calculates the contributions to
the lumped mass matrix for plate elements. Forms the Initial element coordinate',Ssystem E for the plate elements. ,[

D.2.45 Subroutine TFRCIN. Called from FRCIN; calculates plate element defor-,- mations and forces-fn 'element coordinate system. The forces are then trans- •

" formed to the nodal coordinate system.

D.2.46 Subroutine TRIANG. Called from EPTSTF; contains algebraic expressions
of the strain-displacement relationship for a plate element.

D.2.47 Subroutine VECTOR. Called from TFRCIN; calculates the deformed length
of plate element sides. The components of a vector normal to the reference
surface are defined by the displaced positions of the three node points.

" D.2.48 Svbroutine ZERORC. Called from BOUND; deletes appropriate rows and
columns of a bandearmatrix to enforce the specified boundary conditions.

D-1
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APPENDIX E

STANDARD DISTRIBUTION LIST

Region Libraries Headquarters (Wash. DC)

Alaska AAL-64 ADL-1
Central ACE-66 ADL-32 (North)
Eastern AEA-62 APM-1
Great Lakes AGL-60 APM-13 (Nigro)
New England ANE-40 ALG-300
Northwest-Mountain ANH-60 APA-300
Western-Pacific AWP-60 APl-19
Southern ASO-63d AAT-1
Southwest ASW-40 AWS-1

AES-3

Center Libraries OST Headquarters Library

Technical Center ACT-64 M-493.2 (Bldg. 10A)
Aeronautical Center AAC-44.4

Civil Aviation Authority University of California
Aviation House Sers Dpt Inst of Trap Std Lib

, 129 Kingsway 412 McLaughlin Hall
London WC2B 6NN England Berkely, CA 94720

&'Ai, Embassy of Australia British Embassy
"W Civil Air Attache Civil Air Attache ATS

1601 Mass Ave. NW 3100 Mass Ave. NW
Washington, D. C. 20036 Washington, DC 20008

Scientific & Tech. Info FAG Dir. DuCentre Exp DE LA
Attn: NASA Rep. Navigation Aerineene
P.O. Box 8757 BWI Aprt 941 Orly, France
Baltimore, Md. 21240

DOT-FAA AEU-500 Northwestern University
American Embassy Trisnet Repository
APO New York, N. Y. 09667 Transportation Center Lib.

Evanston, 111. 60201
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Government Act ivitie Non-Governmmnt Activ it ie.

FAA, Washington, DC 20591 Beech Aircraft Corp.,
(Attn: Harold W. Becker, ASF-300; P.O. Box 85,
Thomas KcSveeny, AWS-IO0) (2) Wichita, KS 67201

(Arta: Dayton L. Hartley;
FAA, 4344 Donald Douglas Drive. Jams 1. Terry; William Schults) (3)
Long Beach, CA 90808
(Attn: Stephen Soltis, ANIW-102M) (1) Bell Helicopter Co.,

P.O. Box 482,
1A. Central Region Headquarters. Fort Worth, TX 76101
601 Best 12th Street, Federal Building, (Attn: James Cronkite, Dept. 81,
Kansas City, Missouri, 64106 M1S 11; Roy G. fox) (2)
(Attn: Barsa Trnkesley, ACE-1O0) (1)

Boeing Airplane Co.,
FAA, Southwest Region Head quarters, P.O. Box 3707,
4400 Blue Mound Road, Seattle, WA 98124
P.O. Box 1689 (Attn: Edward Widmayer, MC-9W-22) (1)
Fort Worth, Texas 76101
(Attn:: John Shapley, ASW-10) (1) Boeing Co., Vertol Division,

P.O. Box 16858,
FAA, Northwest Hountain Region Philadelphia, PA 91942
Headqiarters, (Attn: Denise Vassilakos, HS P30-27) (1)
17900 Pacific Highway South, C-68966,
Seattle, Washington 98168 Cessna Aircraft Co.,
(Attn: Steven Wallace, ANW-l10) (1) P.O. Box 7704,

Wichita, KS 67277
FAA, Mike Monroney Aeronautical Center, (Attn: John Berwick; Robert Hleld;
"P.O. Box 25U82, Richard Soloski) (3)
Oaklohoma City, OK 73125
(Attn: Richard Chandler, AAM-L 19) (1) Fairchild Aircraft Corp.,P.O. Bor. 3246,

AASA, Langley Research Center, San Antonio, TX 78284
diampton, VA 23365 (Attn: Walt Dwyer) (1)

* (Attn: Emilio Alfaro-Bou, MA-495;
Huey Cardin, N5-495) (2) General Dynamics/Convair,

P.O. Box 80847,
U.S. Army Aviation Applies Technology San Diego, CA 92138
Directorate, USAARTA, (AVSCOM), (Attn: L. Mastay, HA 80-6030) (1)
Fort Eustis, VA 236U4
(Attn: Roy Burrows, Code SAVRT-TY-ASV) (2) Grummn Aerospace Corp.,

So. Oyster Bay Road,, Bethpage,
U.S. Navy Naval Air Development Center, L.I., NY 11714
Warminister, PA 18974 (Attn: Robert Winter, A08-35;
(Attn: leon Domzalski, Code 60322) (1) Allan B. Difko, A08-35) (2) PU

NTSB, 800 Independence Ave. S.E., Gulfstream Aerospace Corp.,
Washington, DC 20594 P.O. Box 2206,
(Attn: John C. Clark, TE 60) (1) Savannah, GA 31402

(Attn: George Westphal) (1)
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OGuLfstream Aerompace Corp., McDonnell Douglas Helicopter,
P.O. Box 22500, 4645 S. Ash Ave.,
Oklhoms City, OK 73123 Teupe, AZ 85182
(Atcn: Richard Southard) (1) (Attn: Lyndon Landborue;

J.K•. Sen) (2)
Lockheed-California 

Co.,

Burbank, CA 91503 Piper Aircraft Corp.,
(Attn: Gil Wittlin, D 76-12, 2925 Piper Drive,
A 63G, PL? A-I) (1) Vero Beach, FL 32960

(Attu: Marion Dees) (1)
McDonnell Douglas Corp.,
3855 Lakewood Drive, Sikorsky Aircraft,
Long Beach, CA 90846 North Kaint Street,
(Attn: J. Webster; Stratford, CT 06601
John L. Galligher) (2) (Attn: Brain Cornell, MS 5207A;

Pramonik Mukunds, MS 5207A) (2)
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